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CHAPTER I 
INTRODUCTION 
Th is  s tudy  ana lyzes  many o f  t h e  s t a n d a r d  s t a b i l i t y  i n d e x  
concepts used today i n  t h e  p r e d i c t i o n  o f  c o n v e c t i v e  w e a t h e r ,  
inc lud ing   severe   thunders to rms and tornadoes. These i n d i c e s   a r e  
computed f o r  t h e  N a t i o n a l  A e r o n a u t i c s  and  Space A d m i n i s t r a t i o n  
(NASA) Atmospher ic   Var iab i l i t y   Exper iment  (AVE) mean atmospheric 
s o u n d i n g s   ( v e r t i c a l   p r o f i l e s )   t a k e n   d u r i n g   t h e  A V E - I V  p r o j e c t  i n  
1975 [I]. The p r o f  i 1 es  have  been c a t e g o r i z e d  t o  c o r r e s p o n d  t o  t h e  
d i f f e r i n g  w e a t h e r  c o n d i t i o n s  t h a t  o c c u r r e d  b y  u s i n g  t h e  m a n u a l l y  
d i g i t i z e d  r a d a r  d a t a  (MDR) t a k e n  d u r i n g  t h i s  t i m e  p e r i o d  as be ing  
r e p r e s e n t a t i v e  o f  t h e  v a r i o u s  w e a t h e r  c a t e g o r i e s  t h a t  e x i s t e d  d u r i n g  
A V E - I V .  The AVE p r o c e d u r e s   a r e   d i s c u s s e d   i n   m o r e   d e t a i l   i n  
Chapter  111. It i s   t h e   p u r p o s e   o f   t h i s   s t u d y   t o   p r e s e n t  and analyze 
t h e  v e r t i c a l  w e a t h e r  p r o f i l e s  t a k e n  d u r i n g  A V E - I V ,  i n  t e r m s  o f  
averaged  (mean)  weather p r o f i l e s .  
T h i s  i n v e s t i g a t i o n  a l s o  compares s e v e r a l  s t a b i l i t y  i n d i c e s  
c a l c u l a t e d   f r o m   t h e  A V E - I V  mean p r o f i l e s .  The r e s u l t s  and p e r -  
formance o f  t h e  i n d i c e s  a r e  d i s c u s s e d .  
Also, i t  i s  t h e  i n t e n t  o f  t h i s  s t u d y  t o  d e t e r m i n e  i f  averaged 
w e a t h e r  p r o f i l e s  t a k e n  t h r e e  h o u r s  p r i o r  t o  s e v e r e  w e a t h e r  o c c u r r e n c e  
1 Numbers i n  b r a c k e t s  r e f e r  t o  s i m i l a r l y  numbered references 
i n  t h e  B i b l i o g r a p h y .  
have f o r e c a s t  c a p a b i l i t y  when based o n l y  o n  t h e  AVE- IV three-hour  
lag data soundings. 
F i n a l l y ,  t h e  r e s u l t s  o b t a i n e d  f r o m  t h i s  s t a b i l i t y  i n d e x /  
A V E - I V  s tudy  a re  app l i ed  to  the  i ndependen t  AVE-SESAME-I [2 ]  da ta  
s e t  t o  see how we l l  the  conc lus ions  based on t h e  A V E - I V  ana lys i s  
a p p l y  t o  a s e t  o f  i n d e p e n d e n t ,  i n d i v i d u a l  s o u n d i n g  p r o f i l e s  t h a t  
dea l  w i th  a s imi lar   weather  system. 
2 
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CHAPTER I1  
DEFINITIONS 
A. I n t r o d u c t i o n  
Th is  chapter  p resents  a d i s c u s s i o n  o f  t h e  Skew-T, Log-P 
thermodynamic diagram which was used ex tens i ve l y  th roughou t  the  
s tudy  and i n  t h e  p r e s e n t a t i o n  o f  r e s u l t s .  S e c o n d l y ,  a b r i e f  d i s -  
c u s s i o n   d e f i n e s   t h e   s t a b i l i t y   i n d e x .   T h i s   i s   c o n c l u d e d   b y  a s e c t i o n  
d e v o t e d  t o  d e s c r i b i n g  t h e  d i f f e r e n t  d e f i n i t i o n s  o f  t h e  s t a b i l i t y  o f  
the  atmosphere. 
B. Skew-T, Log-P Diagram 
Throughout t h i s  i n v e s t i g a t i o n ,  s t a b i l i t y  i n d i c e s ,  a t m o s p h e r i c  
processes, and atmospher ic  analyses wil i n v o l v e  t h e  use o f  a s u i t -  
able  meteorological  thermodynamic  diagram.  This wil b e t t e r  
i l l u s t r a t e  and descr ibe  atmospher ic  processes, a s  we l l   as   a l l ow  
g raph ica l   compu ta t i ons .   Th i s   sec t i on   p resen ts  a b r i e f   b u t  
i n s t r u c t i v e  d i s c u s s i o n  o f  the  thermodynamic  diagram  used i n  t h i s  
study. 
The Skew-T, Log-P diagram i s  employed i n  t h i s  s t u d y  because 
i t  i s  most  widely  used i n   t h e   U n i t e d   S t a t e s .   I n   p a r t i c u l a r ,   t h e  
Un i ted  S ta tes  Air Force (USAF) Air Weather Serv ice  (AWS) uses t h i s  
d i a g r a m   e x c l u s i v e l y .   I t s   p o p u l a r i t y   i s  due to   t he   conven ience  and 
ease o f  use f o r  most  atmospheric  computations. The diagram wil 
h e r e a f t e r  be r e f e r r e d  t o  as  the "Skew-T." The Skew-T c o n t a i n s   t h e  
3 
same m e t e o r o l o g i c a l  p a r a m e t r i c  l i n e s  as other  thermodynamic  diagrams, 
b u t   t h e i r   a r r a n g e m e n t   i s   d i f f e r e n t .   F u r t h e r   d i s c u s s i o n   o f   t h e  
advantages  obtained i n  u s i n g  t h e  Skew-T diagram i s  g i v e n  i n  
Reference [3]. 
The name o f  t h e  d i a g r a m  i n d i c a t e s  how the  p ressu re  and 
temperature 1 i nes are presented. Constant pressure 1 i nes ( i sobars  ) , 
e x p r e s s e d  i n  m i l l i b a r s  (mb), a r e  p l o t t e d  h o r i z o n t a l l y  o n  a loga-  
r i t h m i c   s c a l e .   A l s o ,   c o n s t a n t   t e m p e r a t u r e   l i n e s   ( i s o t h e r m s ) ,   i n  C ,  
a r e  p l o t t e d  s l o p i n g  f r o m  t h e  l o w e r - l e f t  t o  t h e  u p p e r - r i g h t  ( s k e w e d )  
on an approximate 45 d e g  a n g l e  w i t h  r e s p e c t  t o  t h e  h o r i z o n t a l  
p r e s s u r e   l i n e s .   F i g u r e  1 i l l u s t r a t e s   t h e   i s o b a r i c  and iso thermal  
l i n e s  on a Skew-T diagram. 
0 
A l s o  p l o t t e d  o n  t h e  Skew-T a r e  s l i g h t l y  c u r v e d ,  d r y  
a d i a b a t i c   l i n e s  (OC).  They s l o p e   f r o m   l o w e r - r i g h t   t o   u p p e r - l e f t  and 
are  ind ica ted  by  two smal l  and one l a r g e  a l t e r n a t i n g  dashed l i n e s .  
These l i n e s  i n d i c a t e  t h e  r a t e  o f  t e m p e r a t u r e  change  encountered when 
a parce l   o f   unsatura ted  a i r  r i s e s  o r  descends a d i a b a t i c a l l y  ( w i t h o u t  
g a i n  o r  l o s s  o f  h e a t ) .  
Sa tu ra t i on   ad iaba ts   (o r   mo is t   ad iaba ts ,  C )  a re   t he   l a rge -  0 
dashed, s l i g h t l y  c u r v e d  l i n e s  a l s o  s l o p i n g  f r o m  l o w e r - r i g h t  t o  
u p p e r - l e f t .  They b e g i n  more v e r t i c a l l y  a t  l o w e r  l e v e l s  on t h e  c h a r t  
and become more p a r a l l e l  w i t h  t h e  d r y  a d i a b a t i c  l i n e s  a t  h i g h e r  
l e v e l s .   M o i s t   a d i a b a t i c   l i n e s   r e p r e s e n t   t h e   p a t h   a l o n g   w h i c h  a 
s a t u r a t e d   a i r   p a r c e l   r i s e s .   F i g u r e  1 shows t h e   p l a c e m e n t   o f   t h e   d r y  
and s a t u r a t e d  a d i a b a t i c  l i n e s  o n  t h e  Skew-T diagram. 
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Figure 1 .  Coordinate  system o f  the Skew-T, Log-P diagram [3]. 
F i n a l l y ,  s a t u r a t i o n  m i x i n g - r a t i o  (w ) l i n e s  a r e  shown as 
S 
dashed, s l i g h t l y  c u r v e d  l i n e s  e x t e n d i n g  f r o m  l o w e r - l e f t  t o  u p p e r -  
r i g h t  i n  F i g u r e  1. The m i x i n g  r a t i o  o f  an a i r  sample i s  a f u n c t i o n  
o f   t e m p e r a t u r e  and pressure.  It i s  d e f i n e d  as t h e  r a t i o  of t h e  mass 
o f  w a t e r  v a p o r  t o  t h e  mass o f  d r y  a i r  c o n t a i n i n g  t h e  v a p o r  ( g m / k g ) .  
A t  a g i v e n  i s o b a r i c  l e v e l ,  t h e  i n t e r s e c t i o n  o f  t h e  t e m p e r a t u r e  l i n e  
w i t h  t h e  w l i n e  g i v e s  t h e  s a t u r a t i o n  m i x i n g  r a t i o  v a l u e  o f  t h e  a i r  
a t  t ha t   empera tu re  and pressure.  The d e w - p o i n t   i n t e r s e c t i o n   w i t h  
the  w l i n e   g i v e s   t h e   a c t u a l   m i x i n g   r a t i o   v a l u e   ( w )  of   the a i r .  
S 
S 
To i l l u s t r a t e  t h e  use o f  t h e  Skew-T, an example  sounding 
p r o f i l e  o f  t e m p e r a t u r e  ( T )  and dew-point   temperature  (Td)  f rom  the 
1,000-mb l e v e l  upward i s  p l o t t e d  on t h e   F i g u r e  2 diagram. Dry 
a d i a b a t i c  l i f t i n g  o f  a sur face  a i r  p a r c e l  i s  assumed t o  t a k e  p l a c e  
i n  t h i s  example.  Beginning a t  t h e  i n t e r s e c t i o n  o f  t h e  Td and 
1,000-mb p r e s s u r e  l i n e  and f o l l o w i n g  t h e  w l i n e  upward t o  where i t  
i n t e r s e c t s  t h e  p a t h  o f  t h e  d r y  a d i a b a t  e x t e n d i n g  upward from the 
s u r f a c e  v a l u e  o f  T, i n t roduces  an i n t e r s e c t i o n  p o i n t  on  the Skew-T, 
c a l l e d   t h e   l i f t i n g   c o n d e n s a t i o n   l e v e l   ( L C L ) .  A t  t h i s   p o i n t ,  
s a t u r a t i o n   c o n d i t i o n s   e x i s t .   T r a v e r s i n g   v e r t i c a l l y   f r o m   t h e  LCL 
a l o n g  t h e  s a t u r a t i o n  a d i a b a t  u n t i l  i t  i n t e r s e c t s   t h e   e n v i r o n m e n t a l  
sounding  of T d e f i n e s  t h e  l e v e l  o f  f r e e  c o n v e c t i o n  (LFC) l o c a t i o n .  
Above the  LFC t h e  p a r c e l  o f  a i r  becomes warmer ( less  dense)  than the  
env i ronmenta l  a i r  around i t  d u r i n g   t h i s   p e r i o d   o f   t r a v e l .  Above 
t h i s  l e v e l  t h e  p a r c e l  wil c o n t i n u e  t o  r i s e  a t  t h e  m o i s t  a d i a b a t i c  
r a t e  u n t i l  i t  becomes coo le r   than  the   env i ronment .   Th is ,   then,  
d e f i n e s   t h e   e q u i l i b r i u m   l e v e l  ( E L ) .  As can be seen i n   F i g u r e  2, 
S 
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Figure 2 .  Skew-T, LOCJ-P diagram,  with l i f t e d  parcel example [3]. 
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reg ions  o f  n e g a t i v e  k i n e t i c  e n e r g y  w h i c h  w o r k  a g a i n s t  t h e  v e r t i c a l  
m o t i o n   o f   t h e   c o o l e r   a i r   p a r c e l   m u s t  be  overcome.  L ikewise,  posi t ive 
energy  areas  enhance the  parce l ' s  ver t i ca l  mot ion .  
A second  example i s  i l l u s t r a t e d  i n  F i g u r e  3. I n  t h i s  example 
i t  i s  assumed t h a t  a p a r c e l  o f  s u r f a c e  a i r  has  undergone  thermal 
convect ion  produced  f rom  so lar -ground  heat ing.  The p a r c e l   r i s e s   d r y  
a d i a b a t i c a l l y  u n t i l  r e a c h i n g  i t s  c o n v e c t i v e  c o n d e n s a t i o n  l e v e l  (CCL) 
where i t  becomes sa tu ra ted .  The CCL i s  t h e  h e i g h t  o f  t h e  c u m u l i f o r m  
c loud  bases  observed  in   the  a tmosphere.  The CCL i s  o b t a i n e d   b y  
proceeding  upward  f rom  the  sur face Td va lue  (1,000-mb l e v e l )  a l o n g  
the  w l i n e   u n t i l   i n t e r s e c t i o n   w i t h   t h e   e n v i r o n m e n t a l   t e m p e r a t u r e  
sounding  occurs. The e q u i l i b r i u m   l e v e l   ( E L )   i s   d e f i n e d   i n   t h e  same 
manner  as i n d i c a t e d  e a r l i e r .  
S 
C. S t a b i l i t y  Index 
A t  l e a s t  t h r e e  m a i n  f a c t o r s  a r e  d e t e r m i n e d  t o  be  necessary 
f o r   t h e   f o r m a t i o n   o f   c o n v e c t i v e   w e a t h e r :   I n s t a b i l i t y   o f   t h e   a t m o s -  
phere, s u f f i c i e n t  m o i s t u r e ,  and  a t r i g g e r i n g  mechanism  which l i f t s  
and sets  the  atmosphere i n   mo t ion   [ 4 ] .   Scogg ins   [ 4 ]   conc luded   tha t  
v e r t i c a l  m o t i o n  i s  a l w a y s  r e q u i r e d  f o r  t h u n d e r s t o r m  d e v e l o p m e n t ,  
r e g a r d l e s s   o f   t h e   d e g r e e   o f   p o t e n t i a l   i n s t a b i l i t y .  The i n s t a b i l i t y  
o f  t h e  atmosphere  over a l o c a t i o n  c a n  b e  c a l c u l a t e d  b y  t h e  u s e  o f  
upper a i r  d a t a  and a s t a b i l i t y l i n s t a b i l i t y   i n d e x   c o m p u t a t i o n .   W i t h  
the  advent  o f  the  rad iosonde and i t s  r o u t i n e  u s e  i n  o b t a i n i n g  u p p e r  
a i r  d a t a ,  s t a b i l i t y  i n d i c e s  have  been  developed  and  used  by man 
s ince the mid-1940's  [5 ] .  
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Figure 3 .  Skew-T, Log-P diagram,  with.  heating  parcel example [3]. 
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Temperature,  pressure,  moisture, and winds  can  be  measured 
throughout  he  upper  atmosphere. These d a t a ,   t o g e t h e r   w i t h   t h e  
l a r g e  d a t a  p r o c e s s i n g  a b i l i t y  o f  modern e lec t ron i c  compu te rs ,  a l l ow  
t h e  r e s e a r c h e r  t o  use t h e  d a t a  i n  t e s t i n g  and determin ing which 
atmospheric parameters vary, and how much, when convec t ive  weather  
o c c u r s .  T h i s  t y p e  o f  p a r a m e t r i c  s t u d y  w o u l d  l i k e l y  e v o l v e  i n t o  t h e  
e s t a b l i s h m e n t   o f  a s t a b i l i t y   i n d e x .   G e n e r a l l y ,   s t a b i l i t y   i n d i c e s  
t a k e  t h e  f o r m  o f  a di f ference  between  parameters,   such  as 
temperature  (T) ,   dew-point   emperature  (Td) ,   potent ia l   temper-  
a t u r e  ( e ) ,  m i x i n g  r a t i o  (w),   pressure ( P ) ,  a l t i t u d e  ( Z ) ,  e tc . ,  
measured a t  two   he igh ts  or pressure  sur faces.  The common, a v a i l a b l e  
p ressure   leve ls   genera l l y   used  in   index   computa t ions   a re   the  1,000-, 
850-, 700-, and 500-mb l e v e l s .  
S t a b i l i t y  i n d i c e s  a c t  o n l y  as  an a i d  i n  t h e  f o r e c a s t i n g  o f  
c o n v e c t i v e  w e a t h e r ,  b y  a l e r t i n g  t h e  f o r e c a s t e r  t o  a r e a s  o f  t h e  map 
or soundings which should be examined more closely by other methods. 
D. S t a b i  1 i t y  
A t m o s p h e r i c  i n s t a b i l i t y  i s  u s u a l l y  d e f i n e d  i n  t e r m s  o f  c o n -  
d i t i o n a l   i n s t a b i l i t y ,   l a t e n t   i n s t a b i l i t y ,  and p o t e n t i a l   i n s t a b i l i t y .  
The d e f i n i t i o n s  a r e  n o t  i n c l u s i v e ,  however. 
C o n d i t i o n a l  i n s t a b i l i t y  i s  d e f i n e d  [6 ]  as, " t h e  s t a t e  o f  a 
column o f  a i r  i n  t h e  atmosphere when i t s  l a p s e  r a t e  o f  t e m p e r a t u r e  
i s  l e s s  t h a n  t h e  d r y - a d i a b a t i c  l a p s e  r a t e ,  b u t  g r e a t e r  t h a n  t h e  
s a t u r a t i o n - a d i a b a t i c   l a p s e   r a t e .   W i t h   r e f e r e n c e   t o   t h e   v e r t i c a l  
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d isp lacemen t  o f  an a i r  p a r c e l ,  t h e  a i r  wil be u n s t a b l e  if satura ted ,  
and s t a b l e  i f  unsatura ted . "   Th is  i s  i l l u s t r a t e d  i n  F i g u r e  4. 
To e x p l a i n   F i g u r e  4, assume p a r c e l   t h e o r y  [3]. When t h e  
e n v i r o n m e n t a l   t e m p e r a t u r e   l a p s e   r a t e   ( r e )   l i e s   t o   t h e   l e f t   ( P Q )   o f  
t h e  d r y  a d i a b a t  ( r d )  t h r o u g h  p o i n t  P, the  atmosphere i s  s a i d  t o  have 
a b s o l u t e   i n s t a b i l i t y   w i t h i n   t h e   v e r t i c a l   r e g i o n  between PQ. If an 
a i r  p a r c e l ,  o r i g i n a l l y  u n s a t u r a t e d ,  ascends  upward  along  the  dry 
adiabat,  i t  wil be  warmer ( a t  Q ' )  t h a n  t h e  s u r r o u n d i n g  e n v i r o n m e n t  
(a t  Q) ;  t he reby ,  t he  pa rce l  wil t e n d  t o  c o n t i n u e  t o  r i s e .  
The r e v e r s e  s i t u a t i o n ,  i n d i c a t i n g  a b s o l u t e  s t a b i l i t y  w i t h  
r e s p e c t  t o  s a t u r a t i o n ,  i s  t r u e  i f  the   env i ronmenta l   lapse  ra te  i s  
l o c a t e d   t o   t h e   r i g h t  ( P R )  o f   t h e   s a t u r a t e d   a d i a b a t  ( r s )  P R ' .  The 
parce l  tempera ture  (a t  R ' )  wou ld  then be  co lder  than the  env i ronment  
tempera ture   (a t  R ) ,  a l l o w i n g   t h e   p a r c e l   t o   s i n k  and  be s t a b l e .  The 
r e g i o n  between t h e  d r y  and s a t u r a t e d  a d i a b a t s  i n d i c a t e s  t h e  r e g i o n  
o f   c o n d i t i o n a l   i n s t a b i l i t y .   T h i s  means t h a t   t h e   p a r c e l   i s   s t a b l e  i f  
no t  sa tu ra ted ,  o r  uns tab le  i f  sa tura ted .  
The parce l   method  ment ioned  here  invo lves  s imply  an 
u n s a t u r a t e d  p a r c e l  o f  a i r  wh ich  mus t  be  fo rced  to  ascend  ve r t i ca l l y  
a long a d r y  a d i a b a t  ( r  ) u n t i l  s a t u r a t e d  a t  t h e  l i f t i n g  c o n d e n s a t i o n  
l e v e l .  It i s  then  forced  to   ascend  a long a s a t u r a t e d   ( o r   m o i s t )  
ad iabat  (I',) from t h i s  p o i n t  upward  th rough  the  l eve l  o f  f ree  con -  
vec t ion ,  and t h e r e a f t e r  i s  a c c e l e r a t e d  a l o n g  rs b y  a p o s i t i v e  
buoyancy and need n o t  be fo rced .   F igu re  5 shows t h i s   p r o c e s s ,   w i t h  
t h e  a r r o w s  i n d i c a t i n g  t h e  p a r c e l ' s  p a t h .  
d 
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Figure 5. Latent instabi 1 i ty example. 
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L a t e n t  i n s t a b i l i t y  i s  d e f i n e d  [6]  as, " t h e  s t a t e  o f  t h a t  
p o r t i o n  o f  a c o n d i t i o n a l l y  u n s t a b l e  a i r  column l y i n g  above t h e  l e v e l  
o f   f r e e   c o n v e c t i o n . "  The nega t i ve   reg ion   (on   F igu re  5 )  shown below 
t h e  LFC i s  t h e  a r e a  i n  w h i c h  t h e  e n v i r o n m e n t  i s  warmer t h a n  t h e  
parce l .   There fore ,  i f  t h e  p a r c e l  i s  i n i t i a l l y  g i v e n  an impu lse   w i th  
s u f f i c i e n t  k i n e t i c  e n e r g y  t o  c a r r y  i t  th rough  the  nega t i ve  reg ion ,  
then above the  LFC l i e s  t h e  p o s i t i v e  r e g i o n  w h i c h  s i g n i f i e s  t h e  
l a t e n t  i n s t a b i l i t y  needed t o  a c c e l e r a t e  t h e  p a r c e l ,  s i n c e  t h e  p a r c e l  
wil now be  warmer than the env i ronment .  
P o t e n t i a l  i n s t a b i l i t y  ( o r  c o n v e c t i v e  i n s t a b i l i t y )  i s  t h e  
l a s t   a t m o s p h e r i c   i n s t a b i l i t y   c a t e g o r y   t o  be  considered  here.  It i s  
de f i ned  [ 6 ]  as, " t h e  s t a t e  o f  an u n s a t u r a t e d  l a y e r  o r  c o l u m n  o f  a i r  
i n  t h e  atmosphere whose we t -bu lb   po ten t i a l   t empera tu re  (Ow), o r  
e q u i v a l e n t   p o t e n t i a l   t e m p e r a t u r e  (eE),  d e c r e a s e s   w i t h   a l t i t u d e .  I f  
such a column i s  l i f t e d  b o d i l y  u n t i l  c o m p l e t e l y  s a t u r a t e d ,  i t  wil 
become uns tab le "  ( i . e . ,  r > r  ).  I n   t h i s   d e f i n i t i o n  one i s  
c o n s i d e r i n g  t h e  s t a b i l i t y  o f  a w h o l e  l a y e r  o f  a i r  ( n o t  a small  
p a r c e l )  w h i c h  i s  l i f t e d  e n t i r e l y  b y  e i t h e r  f r o n t a l  a c t i v i t y  o r  f l o w  
over  a mountain. As shown i n  F i g u r e  6, t h e   b o t t o m   o f   t h i s   l a y e r  
( A B )  may s a t u r a t e ,  v i a  d r y / m o i s t  a d i a b a t i c  p r o c e s s e s  ( a t  A), b e f o r e  
t h e   t o p   o f   t h e   l a y e r   d o e s   ( a t  9 ) .  T h i s  r e s u l t s  i n  t h e  l a y e r  l a p s e  
rate  (between A B )  becoming, i n  t ime, an u n s t a b l e   l a y e r   l a p s e   r a t e  
(between A ' B ' ) .  P o t e n t i a l   i n s t a b i l i t y   ( o r   s t a b i l i t y )   i s   s t r i c t l y  a 
" l i f t e d - l a y e r " - t y p e  o f  a p p r o a c h  t o  s t a b i l i t y .  











Figure 6.  Layer poten t ia l   ins tab i l i ty .  
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CHAPTER I I I 
ATMOSPHERIC VARIABILITY EXPERIMENT IV 
DATA DESCRIPTION 
A. I n t r o d u c t i o n  
P r e s e n t e d  i n  t h i s  c h a p t e r  i s  t h e  d e s c r i p t i o n  o f  t h e  Atmos- 
p h e r i c   V a r i a b i l i t y   E x p e r i m e n t  IV (AVE-IV).  This  includes  background 
i n f o r m a t i o n  f o r  t h e  e x p e r i m e n t ,  t h e  s y n o p t i c  s i t u a t i o n  p r e s e n t ,  t h e  
da ta   sound ings   ob ta ined,   the   cor respond ing   ava i lab le   radar   da ta ,  and 
t h e   d a t a   r e d u c t i o n   t e c h n i q u e  used. F ina l l y ,   averaged A V E - I V  p r o f i l e s  
p e r t a i n i n g  t o  p r e - s t o r m  and s torm envi ronments are presented for  
d i f f e r e n t  s e v e r i t i e s  o f  r a d a r - m e a s u r e d  w e a t h e r  c o n d i t i o n s .  
B. A V E - I V  D a t a  Background 
The NASA A V E - I V  p r o j e c t  [l] took place between 0000 GMT, 
A p r i l  24 and 1200 GMT, A p r i l  25, 1975. For ty - two A V E  network 
r a w i n s o n d e  s t a t i o n s  p a r t i c i p a t e d  i n  t h i s  1 . 5 - d a y  m e s o s c a l e  e x p e r i -  
ment i n  wh ich  a tmospher ic  sound ings ,  f rom the  sur face  to  25 mb, were 
taken  a t  each  s i t e  eve ry  th ree  hours  (w i th  some except ions) .  
Releases  were  taken  nine  t imes a t  most s i t e s :  A p r i l  24 a t  0000, 
0600, 1200,  1500,  1800, and  2100 GMT, and  on A p r i l  25 a t  0000, 0600, 
and 1200 GMT. F i g u r e  7 shows a map o f   raw insonde   s ta t i ons ,   eas t   o f  
the  Rocky  Mountains, t h a t  p a r t i c i p a t e d  i n  t h e  A V E - I V  exper iment.  
Table 1 l i s t s  each   s ta t i on .  Because o f   t he   sma l l   t empora l  and 




Figure 7 .  Location o f  rawinsonde s t a t i o n s  for  AVE 
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Tab le   1 .   Raw insonde   S ta t i ons   Pa r t i c i pa t i ng   i n  A V E - I V  Experiment 
S t  a t  i on Number Loca t ion  
208 (CHS) 
21 1 (TPA) 
213  (AYS) 
220 (VPS) 
226 ( CEN) 
232  (BVE) 
235  (JAN) 
240  (LCH) 
248 (SHV) 
255  (VCT) 
260  (SEP) 
261 (DRT) 
265 (MAF) 
304 ( HAT) 
311 (AHN) 
317 (GSO) 
327  (BNA) 




405  (IAD) 
425 ( HTS ) 
429 (DAY) 
433  (SLO) 
451 (DDC) 
Char leston,   South  Caro l ina 
Tampa, F l o r i d a  
Waycross,  Georgia 
A p a l a c h i c o l a ,   F l o r i d a  
Centerv i  1 l e ,  A1 abama 
B o o t h v i l l e ,   L o u i s i a n a  
Jackson, M i s s i s s i p p i  
Lake  Char les,   Louis iana 
Shrevepor t ,   Louis iana 
V i c t o r i a ,  Texas 
S tephenv i l l e ,  Texas 
Del  Rio,  Texas 
Midland, Texas 
Hat te ras ,   Nor th   Caro l ina  
A t  hens,  Georg i a 
Greensboro,   North  Carol ina 
N a s h v i l l e ,  Tennessee 
L i t t l e  Rock, Arkansas 
Monet te ,   Missour i  
Amari 1 l o ,  Texas 
W a l l o p s   I s l a n d ,   V i r g i n i a  
S t e r l i n g ,   V i r g i n i a   ( D u l l e s   A i r p o r t )  
Hunt ington, West V i r g i n i a  
Dayton, Oh i o 
Salem, I l l i n o i s  
Dodge City, Kansas 
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Table 1. ( con t inued)  
~ ~~~ 
~~~~~ . " 
S t a t i o n  Number " .~ .. Loca t ion  .~ . . . 
456 (TOP)  Topeka,  Kansas 
486  (JFK) F o r t   T t e n ,  New York  (Kennedy A i r p o r t )  
518  (ALB)  Albany, New York 
520 (P IT )   P i t t sbu rg ,   Pennsy lvan ia  
528  (BUF) Bu f fa lo ,  New York 
5 3 2   ( P I A )   P e o r i a ,   I l l i n i s  
553 (OMA)  Omaha, Nebraska 
562  (LBF)  North Platte,  Nebraska 
606 (PWM) Port land,  Maine 
637  (FNT) F l i n t ,   M i c h i g a n  
645 (GRB ) Green  Bay, Wisconsin 
654 (HUR) Huron,  So th  Dak ta 
655  (STC) S t .  Cloud,  Minnesota 
662 (RAP) Rapid City, South  Dakota 
11001 (MFS) Marsha l l  Space F l i g h t   C e n t e r ,  Alabama 
22002 ( F S I )   F o r t  Sill, Oklahoma 
~~ 
. ~~ . , ~. .. . . ."" 
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sma l le r  me teo ro log i ca l  sca le  (mesosca le )  can  be  s tud ied  i n  te rms  o f  
t h e  v a r i a b i l i t y  o f  a t m o s p h e r i c  p a r a m e t e r s ,  t h a n  have  been s t u d i e d  i n  
t h e   p a s t ,   i n   a p p l i c a t i o n   t o   s t a b i l i t y   a n a l y s e s .   N o r m a l l y ,   a c r o s s  
the  Un i ted  S ta tes ,  raw insonde  re leases  take  p lace  w i th  a 12-hour 
separa t ion  and over a s i g n i f i c a n t l y  w i d e r  s p a t i a l  n e t w o r k  o f  
s t a t i o n s .  The d a t a   r e d u c t i o n  and process ing  procedures,   together  
w i t h  f u r t h e r  p r o j e c t  i n f o r m a t i o n  and t h e  d a t a  i t s e l f  ( w i t h  25-mb 
spacing) ,   are  presented i n  Reference [l]. 
C. S y n o p t i c   S i t u a t i o n  
The sur face synopt ic  weather  map fo r  the  beg inn ing  o f  the  
A V E - I V  exper iment (0000 GMT, A p r i l  24, 1975) i s  presented i n  F i g u r e  8. 
The genera l  weather  s i tua t ion  th roughout  the  A V E - I V  experiment  con- 
s i s t e d  o f  a c o l d  p o l a r  a i r  mass mov ing  s lowly  across  the  nor thern  
U n i t e d  S t a t e s  w i t h  warm, m o i s t  a i r  f rom the Gul f  o f  Mexico f lowing 
over   the   sou thern  and eas te rn   s ta tes .   Th i s  movement was due t o  
c i r c u l a t i o n  around a h i g h - p r e s s u r e  c e l l  l o c a t e d  o f f  t h e  c o a s t  of t h e  
Caro l inas .  A t  t h e  s t a r t  o f  t h e  e x p e r i m e n t ,  t h e s e  t w o  d i f f e r i n g  a i r  
masses were separated by a pseudo-s ta t i ona ry  f ron t  ex tend ing  f rom a 
l ow-p ressu re  ce l l  ove r  l ower  M ich igan  in to  a secondary  low  located 
over  Kansas. From t h e r e ,   t h e   f r o n t   t r a i l e d   i n t o   w e s t  Texas,  as 
shown i n  F i g u r e  8. Throughout  he A V E - I V  pe r iod ,   t he   p r imary   l ow  
moved i n t o  t h e  G u l f  o f  S t .  Lawrence, whi le  the secondary low had 
moved in to  Kentucky  by  the  end o f  the exper iment .  
The upper  a tmospher ic  f low pat te rn  remained bas ica l l y  zona l  
t h roughou t  the  exper imen t ,  w i th  the  excep t ion  o f  two  sho r t  wave 
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Figure 8. Surface map for  0000 GMT, April  24,  1975 [9] .  
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passages  which moved through  the  network.   Th is  wave a c t i v i t y  
r e s u l t e d  i n  t h e  f o r m a t i o n  o f  t w o  s q u a l l  l i n e s  w h i c h  p r o d u c e d  s e v e r e  
we a t   her .  
The f i r s t  s h o r t  wave d i s tu rbance  was a l r e a d y  l o c a t e d  i n  t h e  
Midwest  a t  the  beg inn ing  o f  A V E - I V  and produced the  squa l l  l i ne ,  
f rom Kansas t h r o u g h  I l l i n o i s ,  as shown i n  F i g u r e  8 ( a t  0000 GMT, 
A p r i l  24, 1975). The s q u a l l  1 i n e   t h e n  moved e a s t e r l y ,  ahead o f  t h e  
f r o n t ,  and produced maximum t h u n d e r s t o r m  a c t i v i t y  b e t w e e n  0300 and 
0600 GMT. Al thunders to rm,   ha i l ,  and t o r n a d i c   a c t i v i t y   p r o d u c e d   b y  
t h i s  s y s t e m  had  ended b y  0000 @IT on A p r i l  25, 1975. 
The second s h o r t  wave passage  p roduced  the   squa l l   l i ne   s i tu -  
a ted  through Oklahoma a t  0000 GMT, A p r i l  25, 1975,  as shown i n  
F igu re  9.  Most o f  t h e  t o r n a d i c  and severe  weather  throughout A V E - I V  
r e s u l t e d   f r o m   t h i s   s e c o n d   s q u a l l   l i n e  as i t  moved eastward.  This 
second s q u a l l  l i n e  f o r m e d  i n i t i a l l y  sometime a f t e r  2100 GMT on 
A p r i l  24, s t r e t c h i n g   f r o m   M i s s o u r i   n t o  Texas.  Storms  and convec t ive  
deve lopmen t   con t i nued   un t i l  0600 GMT, A p r i l  25, 1975, when  maximum 
squa l l   deve lopment   occur red ,   p roduc ing   la rge   ha i l ,   s t rong  w inds ,  and 
t o r n a d o e s .   T h i s   a c t i v i t y   i n c l u d e d   t h e  Neosho, M issour i ,   t o rnado   a t  
0040 GMT, A p r i l  25.  The l i n e  was moving  eastward  and was s t i l l  
s t rong  by  the  end  o f  t he  exper imen t ,  a l t hough  the  thunders to rm 
a c t i v i t y  had lessened. The f i n a l   s u r f a c e   w e a t h e r  map o f  A V E - I V  f o r  
1200 GMT, A p r i l  25, 1975, i s  shown i n  F i g u r e  10. 
The AVE- IV d a t a  c o l l e c t i o n  and analyses have been carr ied 
ou t   by   seve ra l   i nves t i ga to rs .   Comp le te  A V E - I V  i n f o r m a t i o n  and 
analyses  can  be  found i n  References [l] and  [7  through 221. 
p 
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Figure 9. Sur face  map f o r  0000 GMT, April  25, 1975 [ 9 ] .  
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Figure 10.  Surface map f o r  1200 GMT, April  25,  1975 [ l ] .  
23 
D. M a n u a l l y   D i g i t i z e d  Radar  Data 
I n  o r d e r  t o  c o r r e l a t e  t h e  s t a b i l i t y  a n a l y s e s  w i t h  t h e  r a d a r  
measurements o f  p r e c i p i t a t i o n  w h i c h  d e v e l o p e d  d u r i n g  A V E - I V Y  t h e  
m a n u a l l y  d i g i t i z e d  r a d a r  (MDR) data,   f rom  the  Nat ional   Oceanic  and 
Atmospher ic   Admin is t ra t ion (NOAA) Techniques  Development  Laboratory, 
were  used.  These  data  had  been  obtained and c o r r e l a t e d   p r e v i o u s l y  
f o r  o t h e r  A V E - I V  i n v e s t i g a t i o n s  b e f o r e  u s e  i n  t h e  p r e s e n t  s t u d y .  
The MDR g r i d  n e t w o r k  o f  s q u a r e s  (83 km on a s i d e )  i s  shown i n  
F igu re  11. Areal   coverage and echo i n t e n s i t y  o f  r a i n f a l l  w i t h i n  
each  square, fo r  every  hour ,  de termined the  MDR code  (from 0 t o  9 )  
assigned  to  each  square.  The code  used i s   d e s c r i b e d   b y   F o s t e r  and 
Reap [23] and i s  g i v e n  i n  T a b l e  2 .  Radar data  for   each  square  were 
then  comp i led ,  w i th  the  maximum h o u r l y  r a d a r  i n t e n s i t y  v a l u e  o v e r  a 
three-hour   per iod  be ing  used.  The MDR t i m e  p e r i o d  was centered  on 
each o f  t h e  n i n e  A V E - I V  r a w i n s o n d e  o b s e r v a t i o n  t i m e s  i n  o r d e r  t o  
compare t h e   t w o   s e t s   d i r e c t l y .  However, f o r   t h i s   s t u d y ,   i n s t e a d   o f  
u s i n g  a l l  n i n e  c a t e g o r i e s  o f  MDR p r e c i p i t a t i o n  codes ,  on l y  fou r  
composi te  categor ies o f  MDR p r e c i p i t a t i o n  i n t e n s i t y l c o v e r a g e  c l a s s i -  
f i c a t i o n s  were  used.  These MDR d e f i n i t i o n s  were  taken  f rom Reap [24] 
and Wi lson [17] and a r e  p r e s e n t e d  i n  T a b l e  3. 
E. Rawinsonde  Data  Grid 
The A V E - I V  25-mb spaced  rawinsonde p r o f i l e  d a t a  were 
i n t e r p o l a t e d  f o r  e a c h  o f  t h e  n i n e  t i m e  p e r i o d s  u s i n g  an 18x18 g r i d ,  
w i t h  160-km spac ing   be tween   g r i d   po in ts ,  as shown i n  F i g u r e  12. 
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Figure 11.  Manually d ig i t i zed  r ada r  (MDR) g r i d  network [8]. 
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Tab le  2. M a n u a l l y   D i g i t i z e d  Radar  Data Code [8] 
I n t e n s i t y ,  Coverage , 
Max imum P e r c e n t   o f  V I P  Maximum 
Code Observed Coverage R a i n f a l l  I n t e n s i t y  
No. VIPa  Values I n  Box Rate ( i n   h - l )  Category . ~ ~. . ~~ 








8 5 o r  6 
9 5 or 6 
Any VIP1 
550% o f  VIP2 
> 50% o f  VIP2 
550% o f  VIP3 
>50% o f  VIP3 
550% o f  VIP3 
>50% o f  VIP3 
250% o f  VIP3, 
4, 5, and 6 
>50% o f  VIP3, 
4, 5, and 6 
and 4 
and 4 
< 0 . 1  
0.1 t o  0.5 
0.5 t o  1.0 
1.0 t o  2.0 
1.0 t o  2.0 
1.0 t o  2.0 










I n t e n s e  o r  
Ex treme 
I n t e n s e  o r  
Extreme 
a V i d e o  I n t e g r a t o r  P r o c e s s o r  ( i n t e n s i t y  o f  r e t u r n e d  
rada r   s igna l ,   ga ted ) .  
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Tab1 e 3 .  MDR Categories  Used i n  t h e  P r e s e n t  A V E - I V  Analyses 
- 
Category . MDR ~~ Value ~ C o n v e c t i v e   A c t i v i t y  
A 0 No p r e c i p i t a t i o n  
B > O  Al p r e c i p i t a t i o n  
C > 3  Al t h u n d e r s t o r m   a c i v i t y  
D > 7  Al s e v e r e   t h u n d e r s t o r m   a c t i v i t y  
~~ 
~~ ~ ~ 
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Figure 12. The 18x18 g r i d  used for  numerical  computations [8]. 
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I 
This produced a w o r k a b l e  f i e l d  o f  measured d a t a  a t  a l l  g r i d  p o i n t s .  
A c c o r d i n g  t o  B a r r  e t  a l .  [25], t h i s  g r i d  s p a c i n g  p r o d u c e s  t h e  maximum 
r e s o l u t i o n  p o s s i b l e  g i v e n  a sample o f  randomly spaced rawinsonde 
s t a t i o n s .  More d e t a i l   c o n c e r n i n g   n u m e r i c a l   c o m p u t a t i o n   c r i t e r i a   i n  
u s i n g  t h e  AVE g r i d  i s  g i v e n  i n  t h e  1976 r e p o r t  o f  W i l s o n  and 
Scogg i ns [ 261. 
F. A V E - I V  Averaged P r o f i l e s  
A number o f  s t a b i l i t y  a n a l y s e s  have  been c a r r i e d  o u t  f o r  
storm and severe s torm envi ronments where s tab i l i ty  ind ices were 
ca l cu la ted .   Mos t   ana lyses   i nvo l ved   t he   compu ta t i on   o f   on l y  one o r  
maybe two  ind ices .  However, t h e r e  have  been o n l y  a f e w   s t u d i e s   i n  
which a number o f  s t a b i l i t y  i n d i c e s  have  been  computed w i t h  i d e n t i c a l  
da ta  and compared. Some o f   t h e s e   s t u d i e s   a r e   r e p o r t e d   i n   R e f e r e n c e s  
[26  through 311. Most o f   t h e s e   s t u d i e s   i n v o l v e d   c o m p a r i s o n s   o f   t h e  
d i f f e r e n t  s t a t i o n  i n d i c e s  computed  throughout  convective  development 
o f  a moving  s torm  system.  A lso,   four   repor ts   on  s tab i l i ty   analyses 
d u r i n g  t h e  A V E - I V  p r o j e c t  have  been pub l ished [7,  9, 11,  181. 
However,  as i n d i c a t e d  i n  t h e  I n t r o d u c t i o n ,  a d i f f e r e n t  t y p e  
o f  a t m o s p h e r i c  s t a b i l i t y  a n a l y s i s  wil be examined here;  that  is ,  
one i n v o l v i n g  a r i t h m e t i c a l l y  a v e r a g e d  s o u n d i n g s  w h i c h  r e l a t e  t o  
d i f f e r e n t  A V E - I V  w e a t h e r  c r i t e r i a ,  r a n g i n g  f r o m  no  weather t o  s e v e r e  
weather. It was suggested  that  i f  mean a t m o s p h e r i c   p r o f i l e s   r e p r e -  
s e n t i n g  a certain convect ive atmospher ic environment were compared 
w i th  sound ings  represent ing ,  say, IIa more  severe  environment,"  then 
an e x a m i n a t i o n  o f  a l l  p a r a m e t e r  p r o f i l e  a v e r a g e s  m i g h t  i n d i c a t e  a 
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s t r u c t u r a l  t r e n d  w i t h i n  t h e s e  p r o f i l e s  t h a t  w o u l d  b e  r e l a t e d  d i r e c t l y  
t o  t h e  d e g r e e  o f  c o n v e c t i o n  j u s t  p r i o r  t o  or  d u r i n g  o c c u r r e n c e  o f  
severe  weather. A f o r e c a s t   t o o l   m i g h t   r e s u l t   f r o m   t h e s e   t r e n d s  if 
examined.   Th is   average  p ro f i le   s tudy  may uncover  something  unique 
when a p p l i e d  t o  a convec t i ve  s i t ua t i on ,  no t  obse rvab le  f rom an i n d i -  
v i d u a l   s t a t i o n ' s   v e r t i c a l   s o u n d i n g .  It i s  suggested  that   a tmospher ic  
s t a b i l i t y  t h r o u g h  a s t a b i l i t y  i n d e x  p r o c e d u r e  i s  one way t o  do an 
ana lys is   on   averaged  p ro f i le   sound ings .   Th is   averaged-pro f i le  method 
i s  n o t  new. Wilson and Scoggins [ZO]  i n  1978 presented  a qu ick - look  
a t  A V E - I V  average  sounding  analyses  involv ing  temperature,  dew p o i n t ,  
and vec to r   w ind ,   a long   w i th  a few  ca lcu la ted   parameters .  The present  
s tudy  ex tends  the  work o f  W i l s o n  and Scoggins [ Z O ]  i n  t e r m s  o f  a 
d e t a i l e d  s t u d y  o f  j u s t  t h e  thermodynamic s t a b i l i t y  o f  t h e  A V E - I V  
atmosphere. 
The A V E - I V  p r o f i l e  d a t a ,  r e l a t e d  t o  a g r id ,   can  now be l i n k e d  
t o  t h e  MDR g r i d   d a t a .   T h i s   c o m p u t a t i o n a l   l i n k i n g  had p r e v i o u s l y  
been  done  by o b j e c t i v e  t e c h n i q u e s  [ Z l ]  f o r  use i n  o t h e r  A V E - I V  
s t u d i e s .   T h i s   r e s u l t e d   i n   p r o d u c i n g   t h e   s i x   a v e r a g e d  (mean) v e r t i c a l  
p ro f i l es  o f  t empera tu re ,  dew-po in t  t empera tu re ,  m ix ing  ra t i o ,  zona l  
(eas t -west )  and mer id iona l   (nor th -south)   w ind  speed,  and pressure  
l e v e l  h e i g h t  f o r  t h e  17 p r e s s u r e  l e v e l s  o f  d a t a  f r o m  900 t o  100 mb, 
w i t h  50-mb s p a c i n g   f o r   t h e   n i n e  A V E - I V  t i m e   p e r i o d s .  The procedure 
t.0 obta in  these average pro f i les  versus  weather  ca tegory  i s  descr ibed 
by  example i n  t h e  f o l l o w i n g  p a r a g r a p h .  
As an example,  consider the most severe thunderstorm cases 
(MDR>7) .  The fo l l ow ing   p rocedure  was used t o   c r e a t e   a v e r a g e  
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s o u n d i n g s  f o r  t h e  s i x  measured  parameters  described i n  t h e  p r e c e d i n g  
paragraph. Al v a l u e s  o f  t h e  p a r a m e t e r s  a t  g r i d  p o i n t s  w i t h i n  -80 km 
o f  a three-hour  composi te  MDR va lue  >7 were averaged f o r  t h e  t o t a l  
A V E - I V  t ime   pe r iod .   Th i s   p rocedure  was a l s o  c a r r i e d  o u t  f o r  t h e  
o t h e r   t h r e e  MDR c a t e g o r i e s   d e f i n e d   i n   T a b l e  3, page 27. The 
r e s u l t i n g  f o u r  t a b l e s  o f  a v e r a g e d  (mean) p r o f i l e s  a r e  p r e s e n t e d  i n  
Tables 4 th rough 7. 
G. A V E - I V  Average  Lag P r o f i l e s  
As a f i n a l  t a s k  u s i n g  t h e  A V E - I V  d a t a ,  a v e r a g e  l a g  p r o f i l e s  
were  computed.  Lag  here i s  d e f i n e d  as the   t ime   d i f f e rence   be tween  
the  sounding and t h e  o c c u r r e n c e  o f  s e v e r e  w e a t h e r ,  t h r e e  h o u r s  l a t e r .  
E x a m i n a t i o n  o f  l a g  p r o f i l e s  p r o m i s e s  a c e r t a i n  f o r e c a s t  c a p a b i l i t y  
t h rough  de te rm ina t ion  o f  t he  ave rage  env i ronmen t  th ree  hours  p r i o r  
t o  severe  weather  occurrence. 
The three-hour composi te MDR da ta  had p rev ious l y  been  ca te -  
g o r i z e d  a c c o r d i n g  t o  t h e  f o u r  w e a t h e r  t y p e s  g i v e n  i n  T a b l e  3. 
To c r e a t e   t h e   a v e r a g e   l a g   p r o f i l e ,   a l l   s o u n d i n g s   t h r e e   h o u r s   p r i o r  1 
t o  t h e  o c c u r r e n c e  o f  e a c h  MDR convec t i ve  ca tegory  were e x t r a c t e d  
f rom  the   da ta   se t   fo r   each  parameter .  These  were  then  averaged t o  
o b t a i n  t h e  a v e r a g e  l a g  p r o f i l e  f o r  t h e  f o u r  MDR cases. The r e s u l t s  
a re  p resen ted  i n  Tab les  8 th rough 11. 
1 
I f  th ree-hour  sound ing  separa t ion  was n o t  a v a i l a b l e ,  t h e  
s o u n d i n g  t a k e n  s i x  h o u r s  p r i o r  was used. 
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Table 4. AVE-IV Average Profile Conditions for MDR = 0 (No Precipitation) 
Press. H t .  Temp. Dew Pt. U Wind V Wind 




































































































M i x .  Ratio Wind Sp. Wind Dir. 
gm/k 9 m/ s Deg . 
8.0  7 205 
6.3 5.7 225 
4.7  6 6 239 
3.1  7.9  249 
2.2 9.2  54 
1.9 10.7 257 
1.5 12.1 260 
1.2 13.8  262 
0.8 15.6  26 1 
0.5 17.7 260 
0.3 20 .o 260 
0.2 23.1 260 
"- 26.7  259 
-" 30.6  259 
"- 32.6  26 1 
"- 28.6  260 
-" 19.7  256 
Note: Number of soundings = 1,053. 
w 
w 
Table 5. A V E - I V  Average P r o f i l e  C o n d i t i o n s  f o r  MDR > 0 ( A l l  P r e c i p i t a t i o n )  
Press. H t .  Temp. Dew P t .  U Wind V Wind Mix. R a t i o  Wind Sp. Wind Dir. 



























6 , 500 
7,370 
8,320 



























































































































Note: Number of   soundings = 567. 
Table 6. A V E - I V  Average P r o f i l e  C o n d i t i o n s  f o r  MDR > 3  (All Thunderstorms) 
Press. H t .  Temp. Dew P t .  
mb m O C  O C  
U Wind V Wind 






















2 , 520 
3 , 080 
3,680 
4,310 
4 , 990 


























1 1 . 2  
















10.8 6 .O 
12.3 5.7 
14.0 6.2 





24 .O 10 .o 
25.8 10.4 





Mix. R a t i o  Wind  Sp. Wind Dir. 
gmlkg m l s  Deg . 
9.6  8.6 21 9 
8.2 10.8 233 
7 .1  12.4 24 1 
5.7  13.6 245 
3.8  15.3 246 
2.9  17.5 245 
2.1 19.7 246 
1.6 21.6 247 
1 .1  23.1 248 
0.7 24.4  248 
0.4 26 .O 247 
0.3 27.8 248 
-" 30.1 248 
"- 32.3 248 
-" 33.9 25 1 "_ 30.5 254 
"- 21.8 252 
Note: Number o f  soundings = 189. 
Table 7. A V E - I V  Average P r o f i l e  C o n d i t i o n s  f o r  MDR > 7 (Severe  Thunderstorms) 
Press. H t  . Temp. Dew P t .  U Wind V Wind Mix. Ra t io  Wind Sp.  Wind Dir. 
mb m OC O C  m/s m/s gmlkg m/s Deg . 
900  978  18.8  11.6  4.3  6.2  9.9 7.6 21 5 
850  1 , 470  15.6  8.2 7.5 6.4  8.5  9.9  230 
800  1 , 980  12.5 5 .O 8.9  5.6  7.3  10.5  238 
7 50  2,520 8.6 0.7  10.2  4.6  5.9  11.2  246 
700  3 , 090  4.8  -7.8 12.1  5.4  3.6  13.3  246 
650  3 , 680 0.5 -11.8  14.4  7.0  2.8  16.0 244 
600 4,320 -4.4  -17.2  17.4  8.0  2.0  19.2 245 
5 50  5 , 000 -9.4  -23.5 19.5 8.9 1.4  21.4  245 
500  5 , 730  -13.9  -29.9  20.5  9.5  1 .o 22.6  245 
450 6,520 -19.4  -35.9  22.3  10.0  0.6  24.4 246 
400 7 , 390  -25.9  - .4  24.3  10.8 0.4  26.6  246 
350 8,340 -33.4  -45.9 26.7  10.9 0.3  28.8  248 
300  9,410  -41.5 "- 29.4 11.8 "- 31.7  248 
250  10,600 -51 .O "- 32.8  12.6 -" 35.1 24 9 
"- 37.3 25 1 
150  13,800  -60.7 -" 31.1  10.1 "- 32.7  252 -" 23.2  250 
200 12,000 -60.2 -" 35.3 12.0 
100 16,300 -61 .O -" 21.8 7.8 
Note: Number o f  soundings = 66. 
Table 8. AVE- IV  Average  Lag P r o f i l e  C o n d i t i o n s  f o r  MDR = 0 (No P r e c i p i t a t i o n )  
Press. H t  . Temp. Dew P t  . U Wind 




















2 , 000 
2 , 530 
3,100 
3 , 700 
4,330 
5,010 
5 , 740 
6 , 540 
7 , 400 




















































V Wind Mix.   Rat io Wind Sp. Wind Dir. 
m/s gm/kg m/s Deg . 
4.4  8.1 4.9  206 
4.1 6.5 5.9 226 
3.5  5.0 7.0  240 
2.9  3.4 8.2  249 
2.7  2.3 9.6  254 
2.7 2.0 11 .o 256 
2.4  1.6 12.6 259 
2.2  1.3 14.3 26 1 
2.6  0.9 16.1 26 1 
3.2 0.5 18.0  260 
3.7  0.3 20.2 259 
4.5  0.2 23.1  259 
5.6 "- 26.6 258 
6.6 "- 30.4 257 
6.1 "- 32.6  259 
5.5 -" 28.8  259 
4.7 "- 20.0 256 
Note: Number o f  soundings = 956. 
w 
U 
Table  9. AVE- IV  Average  Lag P r o f i l e  C o n d i t i o n s  f o r  MDR > 0 ( A l l  P r e c i p i t a t i o n )  
Press. H t  . Temp. Dew P t .  U Wind V Wind Mix.  R a t i o  Wind Sp. Wind Dir. 
rnb rn OC OC m/s rn/S gm/k g rn/S Deg . 
900  999 13.5 9.9 5.3 8.5 8.8 10.0 21 2 
850 1 , 480 11.3 6.1 8.3 7.9  7.6 11.5 226 
800 1 , 980 8.8 2.7 10.4 6.9 6.3 12.5 236 
750 2,520 6.1 -3 .O 11.7 6.4 4.9 13.3 24 1 
700 3,080 2.7 -8.4 13.1 6.4 3.6 14.6  244 
650 3,670 -1 .o -12.5 14.8 6.7 2.8 16.3 246 
600 4,310 -5.2 -18.1 16.4 6.9  2.1 17.8 247 
5  50  4 , 990 -10.0 -22.5 18.2 6.8  1.6 19.4  250 
500 5,710 -14.8 -28.2 20.1 7 .O 1.1 21.3 25 1 
450 6 , 500 -20.2 -35.5 21.4 7.6 0.7 22.7  250 
400 7 , 370 -26.6 -41.3 22.9 7.8  0.4 24.2 25 1 
350 8,320 -33.9 -48 .O 25.4 8.1 0.2 26.7 252 
300 9 , 380 -42.3 " - 28.0 9 .o "- 29.4  252 
250 10,600 -51.8 " - 31.1 9.6 "- 32.6 253 
150 13,800 -59.4 " - 29.4 6.9 "- 30.2 257 
200 12 , 000 -60.6 "- 32.7 8.4 "- 33.8  256 
100 16,300 -60.0 "- 20.4 4.7 "- 20.9 25 7 
Note: Number of   soundings = 484. 
I 
I 
Table 10. A V E - I V  Average  Lag P r o f i l e  C o n d i t i o n s  f o r  MDR > 3 (All  Thunderstorms) 
Press. H t  . 
mb m 
900 994 
850  1,480 
800 1 , 990 
750 2,520 




500 5 , 740 
450 6 , 530 


























Dew P t .  U Wind V Wind Mix. Ra t io  Wind Sp. Wind Dir. 
O C  m/s m/s gm/k  9 m/s Deg . 
11.5 5.7 9.2  9.7 10.8 212 
8.0 8.9 8.5  8 .4  12.3 226 
4.6 11.3 7.3 7 . 1  13.5 237 
- 1 . 1  12.9 6.8  5.4 14.6 24  2 
-8.8 14.5 7.1 3.5 16.1 244 
-14.6 16.6 7.9  2.6 18.4 245 
-19.6 18.4 8.6 1.8 20.3 245 
-23.9 20.3 8.6 1 .4  22.1 24 7 
-30.1 22.4 8.8 0.9 24.1 249 
-37.6 23.4 9.4  0.5 25.2 248 
-42.8 24.5 9.4  0.3 26.2 249 
-49.4 26.5 9.3  0.2 28.1 25 1 
”- 28 .O 10.3 -” 29.8 250 
“- 30.3 10.4 -” 32 .O 25 1 
”- 32.4 9.7 -“ 33.8 253 
”- 30.3 8.8 ”- 31.6 254 
” - 20.9 6.2 ”- 21.8 253 
Number o f  soundings = 164. 
Table 11. A V E - I V  Average  Lag P r o f i l e  C o n d i t i o n s  f o r  MDR > 7 (Severe  Thunderstorms) 
Press. H t  . Temp. 
mb m OC 
Dew P t .  U Wind 


























5 , 030 -8.6 
5 , 760 -13.6 
6 , 550 -19.1 
7,420 -25.7 
8,370 -33.1 





















































Mi x. Rat io  Wind Sp. Wind Dir. 
gm/kg  m/s  Deg . 
10.7 10.0 207 
8.9 11.3  224 
7.2 11.9  238 
5.4 12.5 244 
3.5 14.3  244 
2.5 17.0  243 
1.8 19.7  243 
1.3 22.1 245 
1 .O 25.1 24 7 
0.5 27 .O 248 
0.4 28.6  250 
0.2 31.1  252 
-" 33.9  253 
"- 36.7  254 
-" 38.6  254 
" - 34.2  253 
"- 23.5  253 
~~ ~ ~~~~ ~ 
Note: Number o f  soundings = 51. 
CHAPTER IV 
INDICES USED I N  STUDY 
A. I n t r o d u c t i o n  
T h i s  c h a p t e r  p r e s e n t s  t h e  c r i t e r i a  u s e d  i n  t h e  s e l e c t i o n  o f  
s t a b i l i t y  i n d i c e s  t h a t  were  chosen f o r  a n a l y s e s  i n  t h e  p r e s e n t  s t u d y .  
The ind i ces  a re  then  p resen ted ,  w i th  a d e t a i l e d  d e s c r i p t i o n  g i v e n  
f o r  each. 
B. I n d e x   S e l e c t i o n   C r i t e r i a  
The s t a b i l i t y  i n d i c e s  used i n  t h i s  s t u d y  were  se lec ted  to  
u t i l i z e   t h e   a v a i l a b l e  A V E - I V  da ta   desc r ibed   i n   Chap te r  111. Ind ices  
were  chosen  based on ease of   computat ion.   Computat ions  invo lv ing 
d i f f e r e n c e s ,  a d d i t i o n s ,  m u l t i p l i c a t i o n s ,  and d i v i s i o n s  among t h e  
avai lab le  a tmospher ic   parameters a t  o r  be tween  ve r t i ca l  p ressu re  
l e v e l s  were, i n  genera l ,   se lec ted .  
Mean p r o f i l e  d a t a  f o r  A V E - I V  does no t  ex tend  be low the  900-mb 
l e v e l  and t h e r e f o r e ,   a l l   a t m o s p h e r i c   s t a b i l i t y   i n d i c e s   w h i c h  use t h e  
su r face  o r  da ta  l eve l s  up  to  900  mb were  e l im ina ted  f rom th i s  s tudy .  
I nd i ces  wh ich  requ i re  comp lex  compu ta t i on  w i th  the  ava i l ab le  da ta  
were a l so  e l im ina ted  ( i -e . ,  i nd i ces  wh ich  requ i re  fo recas ted  tempera -  
tu re   o r   mo is tu re   pa ramete rs  a t  t h e   s u r f a c e   o r   a l o f t ) .   F i n a l l y ,  
s ince  the  computer was used i n  comput ing  index  va lues  fo r  th is  s tudy ,  
most i n d i c e s  i n v o l v i n g  a thermodynamic  diagram  computation  were  not 
used. 
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C. I nd i ces  Chosen 
Four teen atmospher ic  s tab i l i ty  ind ices were chosen for  
t e s t i n g  w i t h  t h e  A V E - I V  mean p r o f i l e  d a t a .  They a r e  l i s t e d  i n  
Table 12 and a r e  d e s c r i b e d  i n  d e t a i l  i n  S e c t i o n  D. 
D. D e f i n i t i o n   o f   I n d i c e s  
T h i s  s e c t i o n  d e f i n e s  and g i v e s  h i s t o r i c a l  i n f o r m a t i o n  c o n -  
c e r n i n g   e a c h   s t a b i l i t y   i n d e x   u s e d   i n   t h e   s t u d y .   I n   o r d e r   f o r   t h e  
reader  to  fo l low var ious  thermodynamic  procedures  invo lved in  a tmos-  
pher ic   processes  used  in   the  index  computat ion,  a s i m p l i f i e d  Skew-T 
d iagram  (as  descr ibed  in   Chapter  11) i s  g iven  whenever p o s s i b l e  t o  
he lp  descr ibe  and v i sua l i ze  the  s teps  taken  du r ing  the  i ndex  compu- 
t a t i o n .  
Severe  Weather  Threat  Index 
The Severe  Weather  Threat (SWEAT) index was developed  by  the 
Uni ted  States Air Force  Global  Weather Cent ra l  (AFGWC) and presented 
i n  1970  [32, 33, 341 f o r  u s e  i n  f o r e c a s t i n g  p o t e n t i a l l y  c r i t i c a l  
convect ive  weather   ( i -e . ,   severe  thunderstorms and tornadoes) .  It 
i s  a computer-prepared  index  based  on  weighted,  empir ical  parameters 
a t  t h e  850- and 500-mb l e v e l s .  The Air Force   has   rev ised  the  SWEAT 
i n d e x  t w i c e  t h u s  f a r ,  and a l l  r e v i s i o n s  t o  d a t e  wil be p r e s e n t e d  i n  
t h i s  s e c t i o n .  
The i n i t i a l  SWEAT index (SWEAT1) from  Reference  [32] was 
d e r i v e d  s u b j e c t i v e l y  f r o m  a s t u d y  o f  328 sev ,ere  s to rm ver t i ca l  
soundings and i s  w r i t t e n  as: 
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Table 12. Stability Indices 
Index  Name  Symbo 1 
. . ~ ". 
SWEAT Index 
Vertical  Totals  Index 
Cross  Totals  Index 
Total  Totals  Index 
Theta E 
Showal  ter  Index 
Rackcliff  Index 
Jefferson  Index 
Modified  Jefferson  Index 
Boyden  Index 
Bradbury  Potential  Stability  Index 
K-Index 
Energy  Index 

















Td850 = dew-point   temperature (OC) a t  t h e  850-mb l e v e l  
(pos i t i  ve Td850 va lues  on ly   are  used;  
if Td850 i 0, then se t  Td850 = 0)  9 
T T I  = t o t a l - t o t a l s   i n d e x  ( C) 0 
T T I  = ( T  + Td)850 - 2 T500 
( i f  T T I  < 49, s e t  T T I  = 49; the  second  term 
t h e n  d r o p s  o u t  o f  Eq. ( 1 ) )  , 
'850 = 850-mb wind speed ( k n o t s )  , 
500 = 500-mb wind speed ( k n o t s )  . 
The SWEAT index i s  a lways   pos i t i ve .  No i n d i v i d u a l   t e r m  may 
ever  be  negat ive.  Based on emp i r i ca l   da ta ,   t he  SWEAT index   th resho ld  
v a l u e  f o r  t o r n a d o  c a s e s  i s  -350, wh i le  fo r  severe  thunders to rms i t  
i s  -250. M i l l e r   [ 3 5 ]   r e f e r s  t o  t h i s  i n i t i a l  SWEAT index as  t h e  
"So f t  SWEAT" index . 
The SWEAT index was f u r t h e r  m o d i f i e d  [32 ]  t o  i n c l u d e  t h e  
500-mb/850-mb leve l   w ind   d i rec t i ona l   shear   t e rm.   Th i s   shear   t e rm  i s  
a l s o  based  upon d i rec t iona l  w ind  shears  observed dur ing  severe  
weather  cases and changes t h e  SWEAT index (SWEAT2) e q u a t i o n  t o  r e a d :  
SWEAT2 = 12 Td850 + 20(TTI - 49) +2W850 + W500 + 125(S+0.2) , ( 2 )  
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where, 
S = sin(WD500 - WD850) , 
and 
WD = w i n d  d i r e c t i o n  ( d e g r e e s )  . 
If t h e  850-mb wind i s  n o t  w i t h i n  t h e  r a n g e  130 and 250 deg, 
o r  i f  t h e  500-mb wind i s  n o t  between  210 and 310  deg, o r  if t h e  
express ion WD500 - WD850 < 0, set .  S = -0.2 to  d rop  the  shear  te rm.  
The a d d i t i o n  of the  shear  te rm to  the  SWEAT i ndex  ra i ses  the  seve re  
thunders to rm th resho ld  to  -300, and t h a t  f o r  t o r n a d o e s  t o  -400 t o  425. 
The SWEAT i n d e x  i s  n o t  a t o o l  f o r  f o r e c a s t i n g  o r d i n a r y  
thunderstorms. It i s  designed t o   i n d i c a t e   t h e   p o t e n t i a l   o f   s e v e r e  
t h u n d e r s t o r m s   ( w i t h   g u s t s   a t   l e a s t  50 k t s  a n d / o r  h a i l  a t  l e a s t  
0.75 in .   d iameter )   o r   to rnadoes.  
L a s t l y ,  i n  t h e  SWEAT equa t ion ,  M i l l e r  [ 35 ]  rep laced  the  
850-mb l e v e l  w i t h  t h e  900-meter l e v e l  ( e x c e p t  i n  t h e  T T I  and shear 
c a l c u l a t i o n s )  and changed the   w ind   d i rec t iona l   shear   p rocedure .  The 
r e v i s e d  SWEAT equat ion  (SWEAT3) thus  reads:  
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where, 
= l o w  l e v e l  dew p o i n t  (OC) a t  t h e  900-meter  level ,  






f ( a )  = a s tep   f unc t i on3   o f   t he   vee r ing   ang le  We t o  
The term f (a) i s   s e t   t o  0 if b o t h  We and W500 a re  no t  21 5 
850- and 500-mb l e v e l  w i n d  d i r e c t i o n s  must a l s o  f a l l  w i t h i  
'500 
k t s .  The 
n e a r l   i e r  
s ta ted  ranges  (see  F igure  13) .  Al other   t e rms   a re   de f i ned   exac t l y  
as be fore .  The use   o f   900 -mete r   l eve l   pa ramete rs   i n   t he   ca l cu la t i on  
of   the SWEAT index i s  r e f e r r e d  t o  as "BLM SWEAT" s ince  i t  i s  t h e  
equa t ion  used  in  the  AFGWC Fine Mesh and Boundary  Layer  Models (BLM) 
forecast  model .  
The s o f t  SWEAT index  p lo ts  can be compu te r -ca l cu la ted  w i th in  
1.5 hours o f  t h e  00 GMT o r  12 GMT sounding  t ime. The BLM SWEAT 
c a l c u l a t i o n s   t a k e  up t o  f o u r  h o u r s  o f  computer  t ime.  Both SWEAT 
index  methods  are  current ly  being  used and 12-, 24-,  and 36-hour 
SWEAT index  prognost ic  maps a re  genera l l y  ou tpu t .  
R e c e n t l y ,  M i l l e r  and h is   assoc iates  [35,   361  have  not iced 
t h a t  many t imes severe weather  has formed wi th in  over lapping areas 
'Use 850-mb dew p o i n t  i n  s o f t  SWEAT. 
'Use 850-mb wind  speed i n  s o f t  SWEAT. 
3Use o f  t h e  s i n e  f u n c t i o n  was d i s c o n t i n u e d  f o r  s o f t  o r  BLM 
SWEAT because i t  was n o t  r e p r e s e n t a t i v e  f r o m  30 t o  120  deg. 
4Veering i s  d e f i n e d  as a change i n  w i n d  d i r e c t i o n  v e r s u s  








0 .0  
C 
0 <20 440  460 
a = Veer ing Angle (degrees) 
~. 
F i g u r e  13. S tep   f unc t i on   used   i n   compu ta t i on  o f  SWEAT 
veer ing  term. 
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e I 
o f  h i g h  SWEAT and h i g h  SPOT (Sur face  Po ten t i a l  i ndex  [37 ] )  va lues .  
There fo re ,  t hese  two  s ta t i s t i ca l l y  de r i ved  i nd i ces  can  be  used 
together  as an a i d  t o  a c c u r a t e l y  i d e n t i f y  s h o r t - t e r m  ( t h r e e  t o  s i x  
hou rs ) ,   sma l l - sca le   po ten t i a l   seve re   s to rm  a reas .  The f a l s e   a l a r m  
r a t e  w i t h i n  t h e  SWEAT/SPOT f o r e c a s t  o v e r l a p  a r e a  i s  much smal le r  
t h a n  t h a t  o f  e i t he r  i ndex  used  separa te l y .  
The second SWEAT equat ion  (Eq. ( 2 ) )  has  been programmed and 
i s  used i n  t h e  p r e s e n t  s t u d y  as t h e  SWEAT index.  
V e r t i c a l  - T o t a l s  I n d e x  ____ " "_ 
I n  1967, M i l l e r  [ 3 8 ]  i n t r o d u c e d  t h e  t e r m  " v e r t i c a l  t o t a l s "  
i n   r e l a t i o n   t o   p o t e n t i a l   t h u n d e r s t o r m   d e v e l o p m e n t .  The v e r t i c a l -  
t o t a l s  i n d e x  ( V T I )  r e p r e s e n t s  t h e  s t a b i l i t y  o f  t h e  a t m o s p h e r e  
( temperature lapse rate)  between 850 and 500 mb w i t h  no moisture 
parameters  invo lved.  It i s   d e f i n e d  as t h e  500-mb temperature  sub- 
t r a c t e d  f r o m  t h e  850-mb tempera tu re ;  t ha t  i s ,  
V e r t i c a l - t o t a l s  v a l u e s  g i v e  a measure o f  i n s t a b i l i t y .  
Genera l ly ,  va lues 226 represent  thunderstorm development  wi thout  
r e g a r d   t o   m o i s t u r e .   S p e c i f i c   a r e a s  and t h e i r   a p p r o x i m a t e   c r i t i c a l  
V T I  t h u n d e r s t o r m  t h r e s h o l d  v a l u e s  a r e  l i s t e d  i n  T a b l e  13. 
A1 though the  V T I  can  be  used  alone, i t  i s  a l s o  v a l u a b l e  when 
added t o   t h e   c r o s s - t o t a l s   m o i s t u r e   i n d e x   ( C T I ) .   C o m b i n a t i o n   o f  V T I  
and C T I  r e s u l t s  i n  a t o t a l - t o t a l s  i n d e x  ( T T I )  i s  d e s c r i b e d  l a t e r .  
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Table 13. Vertical-Totals Index Thunderstorm 
Threshold  Values  for  Different  Areas 
Area  Critical ~ VTI 
~. 
Gulf  Coast 226 
British  Isles 222 
Western  Europe 228 
West  of  the  Rockies 129 
Pacific  Coastal  Areas 130 
Great  Lakes  230 
. ~. . .
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Cross-Totals  Index 
Also i n  1967, M i l l e r  [ 3 8 ]  i n t r o d u c e d  t h e  c r o s s - t o t a l s  i n d e x  
(CTI)  as t h e  500-mb tempera ture  subt rac ted  f rom the  850-mb dew-point  
tempera ture ;   tha t   i s ,  
= Td850 - T500 (OC) 
Thus, a l o w - l e v e l   m o i s t u r e   p a r a m e t e r   i s   i n t r o d u c e d  i n t o  t h e  index 
c a l c u l a t i o n .  The C T I  has  been  used t o   i n d i c a t e   t h u n d e r s t o r m  
p o t e n t i a l ,  w i t h  t h e  c r o s s - t o t a l s  t h u n d e r s t o r m  t h r e s h o l d  u s u a l l y  
about 18. However, a long  the  Gulf   Coast a C T I  o f  16 ( w i t h  V T I  223) 
genera l ly   produces a thunderstorm. The c r o s s - t o t a l s   i n d e x  i s  a l s o  
an i n i t i a l  i n d e x  used i n  t h e  c a l c u l a t i o n  o f  t h e  t o t a l - t o t a l s  
s t a b i l i t y  i n d e x  e x p l a i n e d  i n  t h e  n e x t  s e c t i o n .  
To ta l   -To ta ls   Index  ~ 
I n  1967, M i l l e r  [ 3 8 ]  i n t r o d u c e d  t h e  c o n c e p t  o f  t h e  t o t a l -  
t o t a l s  i n d e x  ( T T I )  as be ing  a measure o f  a t m o s p h e r i c  i n s t a b i l i t y  
between  the 850- and 500-mb l e v e l .  The T T I  i s  de f i ned  as t h e  
a r i t h m e t i c  sum o f  t h e  v e r t i c a l - t o t a l s  i n d e x  and t h e  c r o s s - t o t a l s  
i n d e x ;   t h a t   i s ,  
T T I  = V T I  + C T I  (OC) , 
o r  
The V T I  t hunders to rm th resho ld  o f  26 and the  C T I  o f  18 pro- 
duces a minimum t h r e s h o l d   o f  44 f o r  t h e  t o t a l - t o t a l s  i n d e x .  T o t a l -  
t o t a l s  i n d e x  v a l u e s  $50 g e n e r a l l y  i n d i c a t e  t h e  p o t e n t i a l  of numerous 
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and s e v e r e  t h u n d e r s t o r m / t o r n a d i c  a c t i v i t y  i f  an adequate  low-level  
mo is tu re   supp ly  and a t r i g g e r  mechanism a re   bo th   p resen t .  The TT I  
proved t o  be  more  accurate i n  f o r e c a s t i n g  o f  t h u n d e r s t o r m s ,  i n  a l l  
p laces  and seasons, t h a n  d i d  e i t h e r  t h e  V T I  o r  C T I  alone. 
Theta-E Methods 
The use o f  e q u i v a l e n t  p o t e n t i a l  t e m p e r a t u r e  (0,) can  be  used 
i n  s y n o p t i c  m e t e o r o l o g i c a l  p r a c t i c e  as a measure o f  atmospheric 
s t a b i l i t y  [39]. The q u a n t i t y  BE i s  q u a s i - i n v a r i a n t   ( c o n s e r v a t i v e )  
w i t h  r e s p e c t  t o  b o t h  d r y  and mois t  ad iabat ic  p rocesses ,  and i s  
i n v a r i a n t  ( d o e s  n o t  c h a n g e )  w i t h  r e s p e c t  t o  e v a p o r a t i o n  o f  f a l l i n g  
r a i n  [40, 41, 421 .   Equ iva len t   po ten t i a l   t empera tu re   i s  a s i n g l e  
parameter  which  takes  into  account  both  temperature and mo is tu re  
conten t .   Theta-E  cannot   be   measured  d i rec t l y   s ince  i t  i s  s i m p l y  a 
concept. It i s   d e f i n e d  as f o l l o w s :  A p a r c e l   o f   a i r   a t  tempera- 
t u r e  To, dew-point   emperature Tdo, and  any p r e s s u r e   l e v e l  P r i s e s  
v e r t i c a l l y  b y  a d r y - a d i a b a t i c  p r o c e s s  u n t i l  s a t u r a t e d  ( a t  LCL) and 
t h e n  f o l l o w s  t h e  m o i s t - a d i a b a t  u n t i l  a l l  m o i s t u r e  p r e c i p i t a t e s  o u t .  
A t  t h i s  p o i n t ,  t h e  m o i s t - a d i a b a t  i s  p a r a l l e l  w i t h  t h e  d r y - a d i a b a t  o n  
t h e  Skew-T diagram. I f t h e  a i r  p a r c e l  i s  now compressed  dry- 
a d i a b a t i c a l l y  down t o  a p ressure  o f  1,000 mb, i t  wil have a tempera- 
t u r e  d e f i n e d  as t h e  e q u i v a l e n t  p o t e n t i a l  t e m p e r a t u r e  e x p r e s s e d  i n  
degrees  absolute.   F igure 14 i l l u s t r a t e s   t h i s   p r o c e s s .  
0 
Theta-E i s  a l s o  a measure o f  p o t e n t i a l  s t a b i l i t y  i n  t h a t  i t  
g i ves  a measure o f  t h e  e f f e c t  l i f t i n g  wil have  on a column o f  





Figure  14.   Graphica l   computat ion of  e q u i v a l e n t   p o t e n t i a l  
temperature ( e E ) .  
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sounding, and i f  i t  decreases  w i th  he igh t  be tween the  two leve ls  
( i .e . ,  AOE/AZ o r  A€JE/AP < 0), t h i s  l a y e r  i s  a b s o l u t e l y  u n s t a b l e  if 
l i f t e d  t o  t h e  s a t u r a t i o n  l e v e l  [26, 311. On t h e   o t h e r  hand, t h e  
l aye r  rema ins  s tab le  i f  l i f t e d  t o  t h e  s a t u r a t i o n  l e v e l  when eE 
inc reases   w i th   he igh t .   Re fe rence   [ 43 ]   repo r t s   t ha t   compu ted  700-mb 
The ta -E  cha r t s  were  be ing  t ransmi t ted  v ia  the  facs im i le  ne twork  to  
a i d  i n  t h e  f o r e c a s t i n g  o f  t h u n d e r s t o r m  a c t i v i t y  as e a r l y  as  1950. 
The 700-mb Theta-E c r i t i c a l  v a l u e  o f  -327'K t o g e t h e r  w i t h  t h e  6 g/kg 
m i x i n g  r a t i o  l i n e  was g e n e r a l l y  used t o  o u t l i n e  a r e a s  l i k e l y  t o  
exper ience  heat- type  thunderstorms.   Values  o f  BE -321°K and 
w-4 g / k g  i n d i c a t e d  t h e  p o t e n t i a l  o f  a l i f t i n g - t y p e  t h u n d e r s t o r m .  
Delta  Theta-E  (ABE)  values  have  also  been  used i n  t h u n d e r -  
s torm forecast ing [44] ,  which expressed the change in  BE versus 
p r e s s u r e - a l t i t u d e  (AOE/AP), a s  i n d i c a t e d   e a r l i e r .  The d i f f e r e n c e   i n  
Theta-E  between  850 and 700 mb forms a lower  index, and t h a t  between 
700 and 500 mb an upper  index ;  tha t  i s ,  
"EL - 'E850 - 'E700 ' 
- 
"EU - 'E700 - 'E500 * 
- 
C r i t i c a l  v a l u e s  f o r  each  index  are  presented i n  Table 14, w i t h  
p o s i t i v e  d i f f e r e n c e s  i n d i c a t i n g  i n s t a b i l i t y .  
Recen t l y ,   A laka   e t  a l .   [ 3 1 ]  have  used and t e s t e d  a s imple 'E 
d i f f e r e n c e  e q u a t i o n  o f  t h e  f o r m :  
'* = 'E700 




Table 14. Delta  Theta-E  Upper and  Lower I n d e x   C r i t i c a l   V a l u e s  
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where 8* d e f i n e s  c o n v e c t i v e  i n s t a b i l i t y ,  i f  8* < 0 a t  a l t i t u d e s  
between 700 mb and c l o s e   t o   t h e   g r o u n d   ( s u r f a c e  and 850  mb). Th is  
d i f f e r e n c e  i s  s i m i l a r  t o  t h e  l o w e r  i n d e x  o f  t h e  D e l t a  Theta-E  method 
ment ioned  prev ious ly .  The 8 i n d e x   s e l e c t e d   f o r   t h i s   s t u d y   i s   t h a t  
o f  A l a k a ,  w i t h  Eq. ( 1 0 )  b e i n g  m o d i f i e d  b y  r e p l a c i n g  eESfc with 'E900, 
s i n c e   t h e  900-mb l e v e l  i s  t h e  l o w e s t  l e v e l  o f  a v e r a g e d  d a t a  a v a i l a b l e .  
Th is   index  wil be r e f e r r e d   t o  as 0* Also, a l l   e q u i v a l e n t  
p o t e n t i a l   t e m p e r a t u r e  (8  ) computations made i n  t h i s  s t u d y  a r e  
der ived  f rom  the  approx imate  form ( 0  ) f rom Eq. (21 ), as exp la ined  
l a t e r  on i n  t h e  E n e r g y  I n d e x  s e c t i o n  o f  t h i s  c h a p t e r .  
E 
E '  
E 
GE 
Showal t e r   S t a b i l   i t v   I n d e x  
The S h o w a l t e r  S t a b i l i t y  I n d e x  ( S I )  was developed  by 
A.  K.  S h o w a l t e r  o f  t h e  U n i t e d  S t a t e s  Weather  Bureau i n  1946  and 
documented  more w i d e l y  i n  1953 [5] .  It i s  a thermodynamic s t a t i c  
index which can provide a qu ick ,  s imp le  es t imate  o f  poss ib le  
thunderstorms  based on t h e  p o t e n t i a l  ( c o n v e c t i v e )  i n s t a b i l i t y  c o n c e p t .  
Th is   index  was d e s i g n e d  f o r  i n i t i a l  use i n  t h e  s o u t h w e s t e r n  U n i t e d  
States,   but   has  been  used  extensively a l l  around  the  wor ld.  It was 
b e l i e v e d  t h a t  a r e a s  o f  i n s t a b i l i t y  a r e  n o t  g e n e r a l l y  a l t e r e d  s i g n i f i -  
c a n t l y  a t  850 mb and  above. Therefore,  a s t a b i l i t y - i n d e x  map based 
on t h i s  l e v e l  and  above  can be d e r i v e d  and t h e  s t a b i l i t y  movement 
p r o g n o s t i c a t e d  f o r  12 and up t o  24 hours.  
The S I  i s  computed  as fo l lows:   Dew-point   emperature  (Td)  
and temperature ( T )  v a l u e s   ( i n  C )  a r e   o b t a i n e d   a t   t h e  850-mb l e v e l  
( t h e  assumed t o p  o f  t h e  m o i s t u r e  1 ayer ) ,  together  w i th  the  tempera-  
t u r e  v a l u e  ( i n  O C )  a t  500 mb. Showa l te r   i nd i ca ted   t ha t   moun ta in  
0 
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s i tes   can   use  T and T va lues   f rom  the  700-mb l e v e l  i n s t e a d  o f  t h e  
850-mb l e v e l  i n  t h e i r  S I  computat ions.  The 850-mb p a r c e l   i s  now 
l i f t e d  d r y - a d i a b a t i c a l l y  t o  t h e  s a t u r a t i o n  l e v e l  (LCL)  and then 
l i f t e d  m o i s t - a d i a b a t i c a l l y  t o  500 mb. The l i f t e d  500-mb temperature 
i s  t h e n  s u b t r a c t e d  f r o m  t h e  o b s e r v e d  500-mb tempera ture ;  tha t  i s , ,  
d 
S I = T  - T  
OBS LIFTED 
( i n  O C )  . 
500 500 
The procedure i s   d e p i c t e d   g r a p h i c a l l y   i n   F i g u r e  15. Showalter 
S t a b i l i t y  Index  va lues  o f  +3 deg o r  l e s s  g e n e r a l l y  i n d i c a t e  p r o b a b l e  
showers and some thunderstorms i n  the  area;  S I  va lues   f rom +1 t o  
-2 deg i n d i c a t e  i n c r e a s i n g  p r o b a b i l i t y  o f  t h u n d e r s t o r m s ;  S I  values 
f rom -3 t o  -5 deg (o r   l ess )   i nd i ca te   poss ib le   seve re   t hunders to rms ;  
SI values  f rom  -6   deg  or   less  ind icate  suspect   cond 
tornadoes.  
The Showalter  index  has  been  used  extensive 
i t i o n s  f o r  
l y  over  the  years  
i n  d i f f e r e n t  c a p a c i t i e s .  It has  been d i r e c t l y  c o r r e l a t e d  w i t h  
h a i l  [45,  461 and with  storm  radar  echoes  [47  through  491. It has 
been  used i n  t h e  f o r e c a s t i n g  o f  genera l  showers  resu l t ing  f rom 
su r face   hea t ing  as w e l l  as f r o m  l i f t i n g  [3]. This  index  has 
a l so  been  used i n  h e a t i n g  c a l c u l a t i o n s  because, bes ides   be ing  a 
f u n c t i o n  o f  t h e  B E  o r  B w  l apse  ra tes ,  i t  i s  a l s o  p a r t l y  a 
f u n c t i o n  o f  t h e  o r d i n a r y  t e m p e r a t u r e  l a p s e  r a t e  and i s ,  t h e r e f o r e ,  
i n d i c a t i v e  o f  s t a b i l i t y  f o r  use i n  s u r f a c e - p a r c e l  h e a t i n g  a p p l i -  
c a t i o n s .   T h i s   i n d e x   i s  a measure o f  c o n v e c t i v e  s t a b i l i t y  when t h e  
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Figure 1 5 .  Showalter s t a b i l i t y  index  computation method. 
56 
values  are  less  than  zero.  Also, t h e   i n d e x   i s  a f i r s t   a p p r o x i m a t i o n  
i n  e s t i m a t i n g  l a t e n t  i n s t a b i l i t y ,  because  negat ive  index  values do 
i n d i c a t e  t h a t  a p o s i t i v e  a r e a  ( e n e r g y )  does e x i s t  above the  LFC. 
The Showalter  index i s  l i m i t e d  f o r  use i n  mountain  areas, 
and wil n o t  work w e l l  i f  t h e  a i r  i s  e x t r e m e l y  d r y ,  o r  i f  c r i t i c a . 1  
i n s t a b i l i t y   e x i s t s   h i g h e r   t h a n   t h e  850-mb l e v e l .  This i s  because 
the  index  uses  on ly  the  one l o w e r  p o i n t  a t  850 mb as be ing  rep re -  
s e n t a t i v e  o f  l o w - l e v e l  m o i s t u r e  and temperature. 
- Rackcl i f f  I n s t a b i l  i t y  Index 
I n  1962, R a c k c l i f f   [ 5 0 ]   i n t r o d u c e d  a s i m p l e   l a t e n t   i n s t a -  
i n d e x ,  p a t t e r n e d  a f t e r  t h e  l i f t e d - i n d e x  [ 5 1 ] ,  f o r  use i n  b i l i t y  
r e g  i ona 
B r i t i s h  
1 fo recas t i ng   o f   a i r -mass - t ype  summer thunderstorms i n  t h e  
I s l e s  and Western  Europe. 
Wh i le  the  l i f t ed - index  uses  a fo recas ted  maximum a f te rnoon  
temperature i n  i t s  c a l c u l a t i o n ,  R a c k c l i f f  used a computed  tempera- 
t u r e  i n  t h e  c a l c u l a t i o n  o f  h i s  i n d e x .  The  900-mb w e t - b u l b   p o t e n t i a l  
temperature  (ewgoo) was the  low- level   temperature  parameter   se lected 
b y   R a c k c l i f f .  It i s   o b t a i n e d   b y   t a k i n g   t h e  900-mb wet -bu lb  
temperature and descend ing  mo is t -ad iaba t i ca l l y  t o  the  1,000-mb l e v e l ,  
as shown i n   F i g u r e  16. The 8 v a l u e  i s  b e l i e v e d  t o  be r e p r e -  
s e n t a t i v e  o f  t h e  a i r  a t  l o w  l e v e l s  and i s  a l s o  o n l y  s l i g h t l y  
a f f e c t e d   a t   n i g h t   b y   o u t g o i n g   t e r r e s t r i a l ,   r a d i a t i o n .  The e n v i r o n -  
mental  temperature a t  500 mb (T500) i s  aga in  used  as t h e  i n d i c a t o r  
o f  midd le - t ropospher ic   tempera ture .  The R a c k c l i f f   i n d e x  ( R I )  i s  
t hen  de f i ned  as t h e  a l g e b r a i c  d i f f e r e n c e  o f  t h e  500-mb temperature 
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Figure 16.  Rackcliff  instability index  computation method. 
where p o s i t i v e   v a l u e s   r e p r e s e n t   l a t e n t   i n s t a b i l i t y .   R a c k c l i f f  
d e t e r m i n e d  t h e  f o l l o w i n g  t h u n d e r s t o r m / n o  t h u n d e r s t o r m  c r i t e r i a :  
1. R I  < 25 ( s t a b l e   c o n d i t i o n ) .  
2. R I  > 25 (showers  poss ib le) .  
3. R I  > 30  ( thunderstorms  poss ib le) .  
4. R I  > 35 (heavy  thunderstorms  poss ib le) .  
The v a l u e  o f  3 0  i s  a thunders to rm th resho ld  va lue  used i n  f o r e -  
c a s t i n g  n o n f r o n t a l  t h u n d e r s t o r m  a c t i v i t y  i n  t h e  B r i t i s h  I s l e s .  
J e f f e r s o n   I n s t a b i  1 i t y  Index 
A m o d i f i c a t i o n  o f  R a c k c l i f f ' s  i n d e x  was  made by Jef ferson [52]  
i n  1963 so t h a t  t h e  i n s t a b i l i t y  i n d e x  c o u l d  be used i n  summertime 
a i r -mass   thunders to rm  fo recas t ing  a t  t h e  London A i r p o r t .   J e f f e r s o n  
d e t e r m i n e d  t h a t  R a c k c l i f f ' s  i n d e x  makes no a l l o w a n c e  f o r  t h e  f a c t  
t h a t  i n s t a b i l i t y  i n  a l a y e r  depends no t  on ly  on  the  tempera ture  
d i f f e r e n c e   a c r o s s   t h e   l a y e r ,   b u t   a l s o  on i t s  mean temperature.   Since 
t h e   v a l u e   o f  8 var ies  between  10 and 20°C over  northwest  Europe i n  
summer t ime thunders to rm s i tua t ions ,  th is  wou ld  g ive  a- v a r i a b l e  
Rackc l i f f   i ndex   va lue   be tween  36  and 29. There fore ,   Je f fe rson 
amended R a c k c l i f f ' s  f o r m u l a  w i t h  an emp i r i ca l  s tudy  and obta ined an 
i n s t a b i l i t y  i n d e x  v a l u e  i n d e p e n d e n t  o f  t e m p e r a t u r e ,  b u t  w i t h  t h e  
same th resho ld   va lue   o f  30 fo r   thunders to rms.   Th is  was t r u e  f o r  a 
w ide   range  o f   tempera tures .   Th is   mod i f ied   index   can  now be  used i n  
wider   areas  and  for  a1 1 seasons. The J e f f e r s o n  i n s t a b i l i t y  
i n d e x  ( J I )  i s  expressed  as: 
W 
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J I  = 1.6 ewgo0 - T5-0 - 11 , (13)  
where ewgo0 i s  t h e  900-mb we t -bu lb  po ten t i a l  t empera tu re  (OC) and 
T500 
r e p r e s e n t  i n s t a b i l i t y .  
i s   t h e   o b s e r v e d  500-mb temperature (OC). P o s i t i v e   i n d e x   v a l u e s  
M o d i f i e d   J e f f e r s o n   I n s t a b i l i t y   I n d e x  
I n  1963, Jef ferson  [53]   publ ished a second m o d i f i c a t i o n  t o  
the   Rackc l i f f   i ndex ,   o r   s imp ly ,  a mod i f ied   Je f fe rson  index   (MJI ) .  
Wh i le  us ing  the  Je f fe rson  index  a t  t he  London A i r p o r t ,  i t  was 
d e t e r m i n e d  e m p i r i c a l l y  t h a t  t h e  i n d e x  was fo recas t i ng  thunders to rms  
( i .e . ,  J I  values  exceeded  30) in   the   Med i te r ranean  a rea ,   bu t  many 
t imes no thunderstorms  formed.  This was f o u n d  t o  be caused  by  very 
d r y  a i r  e x i s t i n g  above  900 and 500 mb over the Mediterranean area. 
Since the base o f  t hunderc louds  ove r  the  Med i te r ranean  i s  genera l l y  
qu i te  h igh  ( -700  mb), t h e  i d e a  o f  i n t r o d u c i n g  a 700-mb mo is tu re  
parameter seemed l o g i c a l ,  as l ong  as t h e  i n d e x  c o n t i n u e d  t o  work f o r  
n o r t h - c e n t r a l  Europe.   Th is   mod i f ied   Je f fe rson  index   (MJI )   i s  





= 900-mb we t -bu lb  po ten t i a l  t empera tu re  (OC) , 
= 500-mb observed  temperature (OC) , 
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The f a c t o r  1 / 2  ATd700 was in t roduced  to  avo id  ove rwe igh t i ng  by  the  
ATd700 parameter. 
Boyden I n s t a b i  1 i ty  Index "
J u s t  p r i o r  t o  t h e  1963 p u b l i c a t i o n  o f  t h e  m o d i f i e d  J e f f e r s o n  
index, Boyden [54] a lso  i n t roduced  an i n s t a b i l i t y  i n d e x  t o  b e  used 
i n  t h e  f o r e c a s t i n g  o f  t h u n d e r s t o r m s  and heavy ra in  ove r  sou theas t  
England  dur ing  the  months  o f  May t o  September. Boyden assumed t h a t  
the  development o f  heavy  showers and thunderstorms over land on a 
summer afternoon depends on the mean tempera tu re  l apse  ra te  on l y  up  
t o  700 mb. F o r   n e u t r a l   s t a t i c   s t a b i l i t y   c o n d i t i o n s   ( i . e . ,   d r y - b u l b  
temperatures  a long a mo is t  ad iaba t ) ,  Boyden d e t e r m i n e d  t h a t  t h e  
1,000- t o  700-mb th ickness  ( in  decameters )  minus  the  700-mb 
temperature (OC)  was an approximate  constant (-294) f o r  a l l  summer- 
t ime  atmospheric  condit ions  measured  over  Crawley,  England. 
I n s t a b i l i t y  i s  then measured by the amount t h i s  d i f f e r e n c e  exceeds 
t h e   c o n s t a n t .   T h e r e f o r e ,   i n s t a b i l i t y   e x i s t s  i f  t h e  700-mb tempera- 
t u r e  i s  a low  (co ld )   va lue   as  compared t o  t h e  1,000- t o  700-mb 
th ickness  va lue.   Boyden's   index  (BI )   is   expressed  as:  
B1 = Az(l,OOO t o  7 0 0 )  - T700 - 200 , 
where, 
A Z  = 1,000- t o  700-mb th ickness  (decameters)  , 
T700 = 700-mb temperature ( O c )  . 
The u n i t s  c o n f l i c t  i n  t h e  B I  express ion.   Only   the  numer ica l   va lue 
should be  used. The va lue  200 i s  used t o  remove t h e  l a r g e  unwanted 
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number genera ted   by   t h i s   i ndex .  It a l l o w s   t h e  B I  t o  t a k e  on  a va lue  
around 90. 
The B I  i s  s t r i c t l y  a measure o f  t h e  mean s t a b i l i t y  i n  t h e  
e n t i r e   l a y e r   b e l o w  700 mb. The Boyden index i s  n o t  i n t e n d e d  t o  
f o r e c a s t   s l i g h t   o r   m o d e r a t e  showers. The d i u r n a l  v a r i a t i o n  o f  B I  
was found to  be  low,  a l low ing  a 1 2 - h o u r  f o r e c a s t i n g  o f  t h e  i n d e x  t o  
be made. It was de te rm ined   tha t  Boyden i n d e x   i s o p l e t h s   ( d r a w n   i n  
i n t e r v a l s  o f  t w o  u n i t s )  move w i t h  t h e  700-mb wind. 
r 
F o r  b o t h  f r o n t a l  and n o n - f r o n t a l  summer days, i t  was found 
t h a t  t h e r e  was, indeed, a marked  increase i n  t h u n d e r s t o r m / h  
occurrence when B I  reached  va lues   o f  94 and h ighe r .   S ince  
was found  to  be v e r y  l o o s e l y  r e l a t e d  t o  t h e  d e v e l o p m e n t  o f  
storms, i t  was n o t   i n c l u d e d   w i t h   t h e  Boyden index.  The mai 
e a v y  r a i n  
hum i d  i t y  
thunder-  
n 
advantage c la imed fo r  the  Boyden index i s  i t s  u s e f u l n e s s  a t  mob i le  
s i t e s  d u r i n g  f r o n t a l  o r  n o n - f r o n t a l  w e a t h e r .  
For  the  present  s tudy ,  the  Boyden index was mod i f ied ,  s ince  
1,000-mb heights  are  not   obtainable  f rom  the  averaged  soundings. 
Therefore,   the 900-mb h e i g h t  was used i n  p l a c e  o f  t he  1,000-mb he igh t .  
K-Index 
The K- index  (K I )  was developed  by  Whit ing and documented  by 
George ( b o t h   o f   E a s t e r n  Air L i n e s )   i n  1960 [55]. Th i s   s imp ly   de r i ved  
s t a b i l i t y  i n d e x  i s  used i n  t h e  f o r e c a s t i n g  o f  i n l a n d  a i r  mass thunder-  
s torms wi th  weak winds and w i t h o u t  a p p a r e n t  f r o n t a l  o r  c y c l o n i c  
i n f l uence .  It i s  prepared  f rom  the  1200 GMT soundings and i s  
genera l l y  i ssued  on an a rea l  map ( w i t h  K I  i n t e r v a l s  e v e r y  f i v e  u n i t s ) .  
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The Whiting-George K-index measures a i r  mass t h u n d e r s t o r m  p o t e n t i a l  
b y  d i r e c t  i n d i c a t i o n  o f  t h e  v e r t i c a l  t e m p e r a t u r e  l a p s e  r a t e  
(T850 - T500), lower  atmospheric  moisture  (Td850), and v e r y  i n d i r e c t  
i n d i c a t i o n s  o f  t h e  v e r t i c a l  e x t e n t  o f  t h e  m o i s t  l a y e r  (700-mb dew- 
po in t   sp read) .  The K-index i s  expressed  as: 
where  K-va lues  versus  thunders to rm occur rence f requenc ies  genera l l y  
f a l l  w i t h i n  t h e  c a t e g o r i e s  g i v e n  i n  T a b l e  15. 
The K-index map used  concur ren t l y  w i th  a s u b j e c t i v e  a n a l y s i s  
o f  convergence and r e l a t i v e  v o r t i c i t y  has  been  proven  by George t o  
be a v a l u a b l e  a i r  mass t h u n d e r s t o r m   f o r e c a s t i n g   t o o l .   A r e a s   o f  
con f luence,  de termined by  cons t ruc t ing  850-  p lus  700-mb h e i g h t  a r e a l  
cha r t s ,  a re  used  to  rep resen t  convergen t  f l ow  cond i t i ons  be tween  
these  two  levels.   Conf luence  areas  below  700 mb, w i th   w inds  
<20 k n o t s ,  g e n e r a l l y  r e q u i r e  an adjustment t o  t h e  n e x t  h i g h e r  
ca tegory   o f   K -va lues .  If the   w inds   a re  >20 knots ,   ad jus t  upward  two 
c a t e g o r i e s .   P o s i t i  
storm development. 
Bryan  [56] 
t h u n d e r s t o r m  a c t i v i  
r e s p e c t i v e l y ;   t h e y  
ve v o r t i c i t y  
and Hambr i dge 
t y  ove r  the  m 
l so  i nc reases  the  chance  o f  t hunder -  
[57]  have tested the K- index versus 
d-South and Western  Uni ted  States,  
I 
f ound a h igh   cor re la t ion .   Hambr idge  suggested  
t h e  a s s i g n m e n t  o f  t h u n d e r s t o r m  p r o b a b i l i t i e s  v e r s u s  K - v a l u e  g i v e n  i n  
Table  16. 
I n  1971  [58], t h e  K - i n d e x  c h a r t  was added t o  t h e  l i f t e d  
index   pane l   o f   the   compos i te   mo is tu re   index   char t .   Th is   char t  i s  
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Table 15. K-Index  Thunderstorm  Threshold  Values 
K-Index  Value  Thunderstorm  Fr quency 
K < 20  None 
20 < K < 25 I s o l a t e d  
25 < K < 30 Wide ly   Scat te red  
3 0 <  K c  35 Sca t te red  
3 5 <  K Numerous 
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h 
Table 16. K-Index  Thunderstorm  Probabilities 
K- Index  Value  Thunderstorm  Probability 
< 15 0% 
15 to  20 < 20% 
21 to 25 20 to 40% 
26 to 30 40 to 60% 
31 to 35 60 to 80% 
36 to 40 80 to 90% 
> 40 Near 100% 
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d i s t r i b u t e d  v i a  t h e  NWS NAFAX (Nat iona l  Weather  Serv ice  Nat iona l  
Facs imi le  Network)  sys tem to  a l l  me teo ro log i s t s  ac ross  the  Un i ted  
Sta tes  . 
Bradbury  Po ten t i a l  S tab i  1 i t y  Index 
I n  1977, Bradbury  publ ished an a r t  
use o f  w e t - b u l b  p o t e n t i a l  t e m p e r a t u r e  (e  ) W 
i c l e  [ 5 9 ]  d e a l i n g  w 
c h a r t s  i n  w e a t h e r  
i t h  t h e  
a n a l y s i s  and f o r e c a s t i n g .  One c o n c l u s i o n  he reached was t h a t  many 
summer thunderstorms  broke  out  over  Europe when l o w - l e v e l  s o u t h e r l y  
winds advected a i r  w i t h  8 > 16OC. Bradbury  then  developed a 
p o t e n t i a l  s t a b i l i t y  i n d e x  ( B P I ) ,  s i n c e  t h e  e v a l u e s  a l o n e  f a i l e d  
t o  i d e n t i f y  o c c a s i o n s  o f  t h u n d e r s t o r m  d e v e l o p m e n t  i n  a r e l a t i v e l y  
c o o l   a i r  mass. T h i s   i n d e x ,   s i m i l a r   i n   s t r u c t u r e   t o   R a c k c l i f f ' s  and 
J e f f e r s o n ' s  i n d e x ,  i s  d e f i n e d  b y  s u b t r a c t i n g  t h e  v a l u e  o f  Ow a t  
850 mb f rom the  va lue  a t  500 mb. A n e g a t i v e  v a l u e  o f  t h i s  d i f f e r e n c e  
i n d i c a t e s  t h a t  t h e  a i r  between the two levels  i s  p o t e n t i a l l y  u n s t a b l e .  
I n  equa t ion  fo rm,  the  B P I  i s  expressed  as: 
W850 - 
W850 
One can o b t a i n  t h e  B P I  f r o m  a thermodynamic  diagram  procedure as 
i l l u s t r a t e d  i n  F i g u r e  17. 
Bradbury  a lso  found tha t  the  B P I  v a r i e d  as a f u n c t i o n  o f  
'W850 
y e a r .   T h i s   i s   i l l u s t r a t e d   i n   F i g u r e  18, where 5%, 50%, and L i m i t  
rep resen t  the  cumu la t i ve  pe rcen tage  f requency  o f  B P I  versus 
f o r  544 thunderstorm  day  soundings  from 1973 t o  1976. The graph 






Figure 17 .  Bradbury potential  s tab i  I i t y  i ndex computation method. 
OC 
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‘W850 mb 
Figure 18. Relat ionship between 8 and the BPI 
on thunderstorm days [&?! 
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m e r e l y  i n d i c a t e s  a r a n g e  o f  c o n d i t i o n s  t h a t  e x i s t e d  when thunder-  
s to rms  occur red .   Thunders to rms  wou ld   be   un l i ke ly   ou ts ide   the   range 
g iven.  One shou ld   no t   use   the  B P I  as  a s t r i c t  t h u n d e r s t o r m  f o r e -  
c a s t i n g  r u l e ,  b u t  r a t h e r ,  as  a g u i d e  a l o n g  w i t h  r o u t i n e  s u r f a c e  and 
upper -a i r  cha r t s .  
Energy  Index 
A unique and r e l i a b l e  s u b s t i t u t e  f o r  t h e  w i d e l y  used  thermo- 
dynamic  indices,  used i n  t h e  f o r e c a s t i n g  o f  c o n v e c t i v e  s t o r m s ,  i s  
t h e   t o t a l   e n e r g y   i n d e x   ( E I ) .  It was in t roduced   by  Darkow [60] i n  
1967 and d e a l s  w i t h  t h e  t o t a l  e n e r g y  ( E T )  o f  a u n i t  mass o f  a i r .  
The s p e c i f i c   e n t h a l p y   ( c  T ) ,  p o t e n t i a l   e n e r g y   ( g Z ) ,   l a t e n t  
energy  (Lq),  and k i n e t i c  e n e r g y  ( W  / 2 )  o f  t h e  u n i t  mass o f  a i r  i s  
comb i ned  as : 
P 
2 
2 ET = c T + gZ + Lq + W / 2  ( c a l  gm ) , -1 
P 
where , 
c = s p e c i f i c   h e a t   o f  a i r  (0.24 c a l  gm K ) , - 1  0 -1 
P 
T = temperature ( K) 
g = a c c e l e r a t i o n   o f   g r a v i t y   ( 9 8 0  cm sec ) , 
Z = a l t i t u d e  (km) 
L = l a t e n t   h e a t   ( c a l  gm-’) , 
q = s p e c i f i c  h u m i d i t y  (gm kg - ’ )  , 





S ince  the  k ine t i c  ene rgy  te rm i s  two  o rde rs  o f  magnitude smal ler  
than the  o ther  th ree  te rms,  i t  can  be n e g l e c t e d ,  r e s u l t i n g  i n  t h e  
energy  fo rmu la  be ing  ca l l ed  s ta t i c  ene rgy  (ES) ;  t ha t  i s ,  
2 ET 2 c T + gZ + Low , 
P 
where, 
L =: Lo = 600 c a l  gm-’ , 
q z w = m i x i n g   r a t i o  (gm kg ) ; -1 
t h e r e f o r e ,  
S t a t i c  o r  t o t a l  e n e r g y  i s  conse rved  w i th  respec t  t o  bo th  
t ypes  o f  ad iaba t i c  p rocesses  and i s  r e l a t e d  t o  t h e  p s e u d o - e q u i v a l e n t  
po ten t i a l   t empera tu re  ( e E )  and we t -bu lb   po ten t i a l   t empera tu re  (e,). 
Th i s   f ac t   can  be  seen b y   d i v i d i n g  E b y  c which  produces a geo- 
equ iva len t   po ten t i a l   t empera tu re  ( e  ), which i s  a conserva t i ve  
( i n v a r i a n t )  p r o p e r t y  i n  r e g a r d  t o  ad iabat ic   processes.  The term eGE 





= 2 = T + 9.8 Z + 2.5 w ( O K )  . 
‘GE cp 
Tota l  energy  or  geo-equ iva len t  po ten t ia l  tempera ture  can 
b o t h  be  computed e a s i l y  f o r  use i n  t h e  f o r e c a s t i n g  o f  c o n v e c t i v e  
a c t i v i t y .   T h i s   t o t a l   e n e r g y   c o n c e p t   c a n  be  used i n  b o t h  a s c e n t  and 
d e s c e n t  a i r  p a r c e l  t h e o r y  c o n v e c t i v e  c a l c u l a t i o n s ,  and the  amount o f  
p o t e n t i a l  c o n v e c t i v e  i n s t a b i l i t y  o f  t h e  a i r  column i s  i n d i c a t e d  b y  
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t h e   d e c r e a s e   o f   t o t a l   e n e r g y   w i t h   i n c r e a s i n g   a l t i t u d e .   T h i s   d e f i n e s  
t h e  Darkow t o t a l   e n e r g y   i n d e x  ( E I ) .  It i s  expressed  as   the   a lgebra ic  
d i f f e rence  be tween  the  a tmospher i c  to ta l  ene rgy  a t  t he  500- and 
850-mb l e v e l s ;  t h a t  i s ,  
= ET500 - ET850 ( c a l  gm-’ ) . (22 1 
E m p i r i c a l  t e s t i n g  o f  t h e  i n d e x  p r o d u c e d  t h e  r a n g e s  g i v e n  i n  T a b l e  17 
fo r   f o recas t i ng   seve re   wea the r .  The t o t a l   e n e r g y   i n d e x   h o r i z o n t a l  
map p a t t e r n  t u r n s  o u t  t o  be v e r y  s i m i l a r  i n  s t r u c t u r e  t o  t h e  
Showal te r   index   pa t te rn .   Th is  i s  due i n  p a r t  because  low- level  
t o t a l  e n e r g y  i s  u s u a l l y  g r e a t e r  t h a n  m i d - t r o p o s p h e r i c  v a l u e s .  
The to ta l   energy   index   combines   tempera ture ,   mo is tu re ,  and 
h e i g h t   f i e l d s .  Darkow [60] i n d i c a t e s   t h a t   t h i s   g i v e s  i t  a p o s s i b l e  
advantage  over  the  Showalter and l i f t e d  i n d i c e s  s i n c e  i t  i s  t h e  o n l y  
one t o  t a k e  i n t o  a c c o u n t  t h e  p o s s i b l e  c o n t r i b u t i o n  o f  d e s c e n d i n g ,  
p o t e n t i a l l y  c o l d ,  m i d - t r o p o s p h e r i c  a i r  on t h e  t o t a l  e n e r g y  r e l e a s e  
o f   c o n v e c t i v e   s t o r m s .   M o s t   i n d i c e s   i n v o l v e   o n l y   t h e   p r o c e s s   o f  
ascending warm a i r .  
Darkow took  an a d d i t i o n a l  s t e p  b y  s u g g e s t i n g  t h a t  a m o d i f i e d  
energy index can be developed which takes into account the mean 
m i x i n g  r a t i o  o f  t h e  l o w e s t  100-mb l a y e r  ( o r  o f  t h e  f i r s t  k i l o m e t e r  
a l t i t u d e )  above the   g round.   Th is  may be  more r e p r e s e n t a t i v e  o f  
l o w e r  l e v e l  m o i s t u r e  t h a n  u s i n g  j u s t  t h e  850-mb v a l u e  o f  m i x i n g  
r a t i o .  
A number o f  a tmospher i c  s tud ies  have  used t 
index and to ta l   ene rgy   concep t .  Some o f   t h e s e   s t u d  
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he  Darkow energy 
i es  a re  p resen ted  
Table 17. Energy  Index  Values Used in Convective 
Forecasting 
0.0 to -1.0 
-1.0 to -2.0 
< -2.0 
Non-severe  thunderstorms 
possible. 
Isolated severe  thunder- 
storms  possible. 
Severe  thunderstorms and 
tornado  activity  possible. 
a If a trigger  mechanism is available  to 
release  potential  instability,  otherwise,  convective 
activity  may not take  place. 
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i n  References  [61  through  641. Eagleman [61]  used  Darkow's  index 
separa te l y  and a l s o  combined w i t h  a wind shear index t o  a i d  i n  f o r e -  
cas t ing   to rnadoes.  Darkow  has a l s o   a p p l i e d   t h e   s t a t i c   e n e r g y   c o n c e p t  
t o  s u r f a c e  a n a l y s i s  i n  d e t e c t i n g  a r e a s  o f  h i g h  s t a t i c  e n e r g y  r e l a t e d  
to  thunders to rm and severe  storm  occurrences  [65,  661. 
Mar t i n   I ndex  
Wr ight -Pat terson Air Force Base, Ohio,   publ ished a s t a b i l i t y  
index  cons t ruc ted  by  D. 0. M a r t i n  [67] s a i d  t o  b e  more s e n s i t i v e  t o  
low- leve l   mo is tu re   than  the   Showal te r   index ,   s ince  i t  uses  the 
maximum va lue  o f  l ow- leve l  mo is tu re .  
The procedure   in   comput ing   the   Mar t in   index   (MI )   (see  
F i g u r e   1 9 )   i s  as f o l l o w s :  From t h e  500-mb temprature  (A),  descend 
m o i s t - a d i a b a t i c a l l y  t o  t h e  i n t e r s e c t i o n  ( B )  o f  t h i s  l i n e  and t h e  
m i x i n g  r a t i o  l i n e  t h a t  passes  th rough the  po in t  (C)  o f  maximum 
m i x i n g   r a t i o .  From t h i s   i n t e r s e c t i o n ,  move d r y - a d i a b a t i c a l l y  t o  t h e  
850-mb l e v e l  ( D ) .  The M I  i s  de f i ned  as t h e   d i f f e r e n c e  between  the 
observed  sounding  temperature and ca lcu la ted  tempera ture  a t  850 mb; 
t h a t  i s ,  
M I  = T 
850 - T850 (OC) - 
Calc. Obs. 
The o n l y  e x c e p t i o n  t o  t h i s  p r o c e d u r e  o c c u r s  whenever a marked 
low- level   turbulence  or   subs idence  invers ion  (non-sur face,   non-  
r a d i a t i o n )   i s   e s t a b l i s h e d   b e l o w  850 mb. Then t h e   p o i n t  ( D )  i s  
o b t a i n e d  a t  t h e  p r e s s u r e  l e v e l  where t h e  i n v e r s i o n  b a s e  i s  l o c a t e d .  









C K T c  SURFACE 
1 NORf4AL CASE  EXCEPTION CASE 
T 4  
F igu re  19. Mar t in   s tab i l i t y   index   computa t ion  methods. 
S i n c e  t h i s  s t u d y  i n v o l v e s  t h e  900-mb l e v e l  as be ing  the  
c l o s e s t  l e v e l  t o  t h e  s u r f a c e ,  t h e  i n d e x  wil b e  r e f e r r e d  t o  as t h e  
mod i f i ed   Mar t i n   i ndex   (M I ) .  
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CHAPTER V 
A V E - I V  PROFILE ANALYSES 
A. I n t r o d u c t i o n  
B e f o r e  s t a b i l i t y  i n d i c e s  can  be  constructed,  used,  or   evalu- 
a ted ,  the  a tmospher ic  paramet r ic  p ro f i les  themse lves  need t o  be 
examined and unders tood.   Ther ,? fo re ,   th is   sec t ion   p resents  a d i s -  
c u s s i o n  o f  t h e  A V E - I V  average and lag soundings as they are compared 
w i t h  t h e  f o u r  MDR p r e c i p i t a t i o n  c a t e g o r i e s ,  and  as t h e y  a r e  compared 
w i th   each   o the r .   Tabu la r   va lues   o f   t hese   p ro f i l e   pa ramete rs  have 
been  presented i n  Chapter 111, Tables 4 th rough 11, pages 32 
th rough 39. 
F o r  c l a r i t y ,  and t o  a v o i d  c o n f u s i o n ,  t h e  a v e r a g e  p r o f i l e s  
w h i c h  p e r t a i n  t o  p r e c i p i t a t i o n  c o n d i t i o n s  o c c u r r i n g  a t  t h e  t i m e  o f  
the  sounding  observat ion wil h e r e a f t e r  be r e f e r r e d  t o  as AVG. Also, 
t he   ave raged   l ag   p ro f i l es ,   wh ich   rep resen t   t he   env i ronmen ta l   obse r -  
v a t i o n s  t h r e e  h o u r s  p r i o r  t o  a p r e c i p i t a t i o n  c a t e g o r y  o c c u r r e n c e ,  
wil h e r e a f t e r  b e  r e f e r r e d  t o  as LAG p r o f i l e s .  
Throughout t h i s  s e c t i o n ,  m o r e  a t t e n t i o n  wil be g i v e n  t o  t h e  
p a r a m e t r i c  a v e r a g e  p r o f i l e  d i f f e r e n c e s  w h i c h  e x i s t  b e t w e e n  p r e c i p i -  
t a t i o n  c a t e g o r i e s  A and D ( d e f i n e d  i n  T a b l e  3, page 2 7 ) .  
Categor ies B and C pa ramete r  d i f f e rences  have  been  compared b u t  a r e  
not always presented here because they ei ther do not represent any 
d r a s t i c  e n v i r o n m e n t a l  change, o r  s ince  they  do  have  inhe ren t  
ca tegory  D i n fo rma t ion ,   t hey   cou ld   p resen t  a b i a s .  I n  m o s t  a l l  
c a s e s  t h e s e  t w o  i n t e r m e d i a t e  p r e c i p i t a t i o n  c a t e g o r i e s  m e r e l y  l i n k  
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ca tegor ies  A and D. The average  p ro f i les   o f  LAG and AVG temperature, 
po ten t i a l  t empera tu re ,  and winds  are  presented and compared f o r  t h e  
s to rm  ca tegor ies  A and D. D i f f e r e n c e s   a r e   n o t e d   f o r   p o s s i b l e  
i n c l u s i o n  i n  a f o r e c a s t - t y p e  o f  s t o r m  i n d e x .  
B. AVG P r o f i l e  Comparison 
TemDerature/Moisture 
The v e r t i c a l  t e m p e r a t u r e  p r o f i l e  d i f f e r e n c e s  n o t e d  between A 
( n o n - p r e c i p i t a t i o n )  and D ( seve re  s to rm)  cond i t i ons  fo r  t he  A V E - I V  
average (AVG) p r o f i l e s  a r e  shown i n  F 
t e m p e r a t u r e  p r o f i l e s  a r e  a l m o s t  i d e n t  
temperatures  increase 5 O C  warmer than 
700- and 900-mb l e v e l s .  
i g u r e  20. A l though  the  two 
i ca ' l  above 700 mb, t h e  D p r o f i l e  
the  A c o n d i t i o n s  between  the 
The d e w - p o i n t  t e m p e r a t u r e  p r o f i l e  f o r  D c o n d i t i o n s  i s  
2 t o  10  deg warmer (more m o i s t )  t h a n  f o r  A c o n d i t i o n s  a t  a l l  a l t i -  
tudes,  as shown i n   F i g u r e  20. Most o f   t h e   d i f f e r e n c e  ( 6  t o  10°C) 
occurs  between  the 600- and 800-mb l e v e l s .  
Winds 
As one wou ld   expec t ,   fo r  a l l  a l t i t udes ,  w inds  a re  h ighe r  
when g o i n g  f r o m  p r e c i p i t a t i o n  c a t e g o r i e s  A t o  D u s i n g  t h e  AVG wind 
p r o f i l e   i n f o r m a t i o n .   W i l s o n  and Scoggins [20] a l s o   c o n f i r m e d   t h i s .  
T h i s  i n c r e a s e  p e r t a i n s  t o  b o t h  m e r i d i o n a l  and zonal  wind  components. 
The ca tegory  D mer id iona l  w ind  component exh ib i t ed  the  mos t  
d i f f e r e n c e   ( - 8  m sec-'  ) over  category A condi t ions.   Zonal   (and 
sca la r )  w ind  d i f fe rences  be tween A and D ca tegor ies  genera l l y  range  
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Figure 20. AVG temperature and d e w - p o i n t  p r o f i l e s  f o r  A and D MDR condi t ions.  
between 2 and 6 m sec- ’   (see  Figure  21).  Al wind  components  calcu- 
l a t e d  a r e  p o s i t i v e  ( i . e . ,  z o n a l  w i n d s  b e i n g  w e s t e r l y  and m e r i d i o n a l  
w i n d s   s o u t h e r l y )   f o r   a l l  AVG and LAG cond i t ions   p resented .   Zona l  
wes ter ly  w inds  dominate  in  magn i tude.  
C.  LAG P r o f i l e  Comparison 
To determine i f  a f o r e c a s t  scheme can be r e a l i z e d  based on 
A V E - I V  d a t a ,  t h i s  s t a b i l i t y  s t u d y  wil i n v o l v e  t h e  a n a l y s i s  o f  LAG 
, p r o f i l e s  and how t h e i r  a v e r a g e  c o n d i t i o n s  d i f f e r  f r o m  t h e  AVG 
p r o f i l e s  r e p r e s e n t i n g  s t o r m  a c t i v i t y .  
Temperature/Moisture 
LAG thermodynamic p r o f i l e  c o n d i t i o n s  f o r  t h e  f o u r  p r e c i p i -  
t a t i o n  c a t e g o r i e s  a r e  v e r y  s i m i l a r  i n  a p p e a r a n c e  t o  t h e  f o u r  
r e s p e c t i v e  AVG p r o f i l e s .   T e m p e r a t u r e s   o f   c a t e g o r y  D a re  warmer by a 
s im i la r  magn i tude  than  ca tegory  A, as was t h e  c a s e  f o r  t h e  AVG p r o -  
f i l e s .  T h i s  e f f e c t  e x t e n d s  h i g h e r ,  however, f rom 900 t o  650 mb. 
The ca tegory  D d e w - p o i n t  p r o f i l e  a l s o  r e m a i n s  warmer b y  a s i m i l a r  
m o i s t u r e  d i f f e r e n t i a l  s p r e a d ,  as  was t h e  c a s e  w i t h  t h e  A V G  dew-point 
data.  
Winds 
LAG winds  again  invoked a p a t t e r n  s i m i l a r  t o  t h a t  o f  A V G  
w inds ,  w i th  bo th  D wind  components e x h i b i t i n g  s t r o n g e r  f l o w  t h a n  
A wind component cond i t ions .   Category  D LAG w ind   d i rec t i ons   be tween  
7 and 13 km a l t i t u d e  a r e  s l i g h t l y  w e s t e r l y ,  so as t o  resemble 
ca tegory  B LAG w i n d  d i r e c t i o n s  o v e r  t h i s  a l t i t u d e  r a n g e .  T h i s  i s  
78 
2o r 






















Y+ / \ \ '  AVG D 
01 i I I I I I I I 
0 5 10 15 20 25 30 35 40' 
WIND SPEED (m/s) 
Figure 21 . AVG wind  components f o r  MDR A and D conditions.  
c o m p l e t e l y  u n l i k e  t h e  AVG D, AVE- IV s to rm wind  d i rec t ions ,  wh ich  are  
f a r t h e s t  away f r o m  t h e  w e s t  o f  a l l  f o u r  p r e c i p i t a t i o n  c a t e g o r i e s .  
T h i s  d i r e c t i o n a l  change wil b e  d i s c u s s e d  f u r t h e r  i n  S e c t i o n  D. 
D. AVG/LAG P r o f  i 1 e Compar i son 
Winds 
Di f ferences between the A V E - I V  average LAG ( t h r e e  t o  s i x  
h o u r s  p r i o r  t o  s t o r m  o c c u r r e n c e )  and AVG ( t i m e  o f  s torm occurrence)  
w i n d   p r o f i l e s   a r e ,   a g a i n ,   g e n e r a l l y   s m a l l .  However, t h e   l a r g e s t  
d i f ferences do occur  between the category D (severe storm) wind 
. There fore ,   on ly   ca tegory  D comparisons wil be p r o f i l e s  o f  each 
discussed  here.  
From Tab l e s  7 and 11, pages 35 and 39, r e s p e c t i v e l y ,  
sca la r  w ind  speeds and  U-component (zonal  ) speeds are -2 m sec-' 
s t r o n g e r  f o r  t h e  LAG ave rage  than  fo r  t he  AVG average,  between 
6- and 12-km a l t i t u d e .  Wind magn i tude  d i f fe rences   were   less   than 
t h i s  v a l u e  above  12-km a l t i t u d e  ( s e e  F i g u r e  2 2 ) .  
Magnitudes o f  t h e  V-component w i n d  ( m e r i d i o n a l )  g i v e  s l i g h t l y  
s t ronger  ( "2  m sec - l )  sou the r l y  w inds  a t  AVG t ime  than  LAG t ime, 
between  8- and 12-km a l t i t u d e .   T h i s   s t r o n g e r  AVG V-component e f f e c t  
coupled wi th  the weaker  AVG U-component r e s u l t s  i n  t h e  AVG wind 
d i r e c t i o n  between  8- and 12-km a l t i t u d e  b e i n g  -5 deg  more  from  the 
south  (248  deg)  than  the LAG average  (253  deg).  Meaning,  on  the 
average,   winds  dur ing  the LAG p e r i o d  a r e  1 t o  2 m sec- '   stronger and 
f rom a more w e s t e r l y  d i r e c t i o n  t h a n  c o n d i t i o n s  e x i s t i n g  d u r i n g  s e v e r e  
storm occurrence. 
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Figure 22. Wind components f o r  AVG and LAG type D MDR condi t ions,  
Temperature/Moisture 
The thermodynamic structure between AVG and LAG category  D 
p r o f i l e s ,  i n  t e r m s  o f  t e m p e r a t u r e  and dew p o i n t ,  i s  shown i n  
F igu re  23. Average  cond i t ions   fo r   each  respec t ive   parameter   a re ,  
i ndeed ,   ve ry   s im i l a r .  The u n u s u a l   f e a t u r e   i s   t h e  -1.5OC temperature 
d i f f e r e n c e  t h a t  e x i s t s  a r o u n d  650 mb, w i t h  e q u a l  o r  l e s s e r  d i f f e r -  
ences  ind icated  between  the 800- and 500-mb l e v e l s ,  and w i t h  LAG 
t e m p e r a t u r e s   b e i n g   s l i g h t l y  warmer.  Also,  the  layer  between 500 and 
650 mb i s  more u n s t a b l e  t h r e e  h o u r s  p r i o r  t o  s t o r m  a c t i v i t y .  The 
t e m p e r a t u r e  l a p s e  r a t e  o f  t h e  LAG sounding between these two levels  
i s  15.4OC/150 mb; whereas, o n l y  14.4'C/150 mb ( d i f f e r e n c e  = l.O°C) 
e x i s t e d   d u r i n g  AVG s t o r m  t i m e .  T h i s  s l i g h t l y  more u n s t a b l e  l a y e r  i s  
n o t i c e d  a t  a l ower  a l t i t ude  be tween  800 and 650 mb a t  s to rm t ime .  
It then  has a t e m p e r a t u r e  g r a d i e n t  o f  l2.OoC/150 mb as  compared t o  
10.9°C/150 mb ( d i f f e r e n c e  = l . l ° C )  f o r  t h i s  l a y e r  on t h e  p r i o r  LAG 
p r o f i l e .  
Th ree  hours  p r i o r  t o  s to rm ac t i v i t y ,  t he  dew-po in t  t empera tu re  
a t  900 mb i s  -1OC h i g h e r  t h a n  a t  t h e  t i m e  o f  s t o r m  a c t i v i t y .  By t h e  
850-mb l e v e l ,  t h i s  d i f f e r e n c e  v a n i s h e s  and n e i t h e r  AVG nor  LAG dew- 
point   temperatures  dominate above t h i s  l e v e l .  
E .  Theta-E AVG/LAG Comparison 
B e f o r e  t h e  s t a b i l i t y  i n d e x  r e s u l t s  a r e  p r e s e n t e d  and d i s -  
cussed, i t  i s  d e s i r a b l e  t o  s e l e c t  an i n d e x  o r  p r o c e d u r e  i n v o l v i n g  
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Temperature and  dew-point temperature profiles for AVG and 
LAG conditions o f  MDR = D. 
Chapter IV d i s c u s s i o n   o f  B E ) .  T h i s  i s  an i m p o r t a n t  d e c i s i o n  t o  make 
because o f  t h e  many  number o f  ways i n  which BE can represent atmos- 
p h e r i c  i n s t a b i l i t y .  
AVG 8 p r o f i l e s  a r e  p r e s e n t e d  f o r  t h e  f o u r  MDR c o n d i t i o n s  i n  
F igu re  24. S i m i l a r  LAG 8 p r o f i l e s   a r e   g i v e n   i n   F i g u r e  25. The two 
f i g u r e s  p r e s e n t  s i m i l a r  r e s u l t s  and show h igher  va lues  o f  O E  f o r  more 
s e v e r e   w e a t h e r   a c t i v i t y .  The comparison  between LAG and AVG p r o f i l e s  
o f  8 a r e  g i v e n  i n  F i g u r e  26 f o r  c a t e g o r i e s  A and D MDR c o n d i t i o n s .  
The LAG p r o f i l e s  e x h i b i t  s l i g h t l y  g r e a t e r  8 ( o r   t o t a l   e n e r g y )   t h a n  
do the  AVG p r o f i l e s .  The a l t i t u d e  o f  minimum B E  occurs at  -700 mb 
f o r  t h e  two p r o f i l e s  w i t h  no MDR a c t i v i t y .  ( c a t e g o r y  A), w h i l e  i t  
occurs h igher  (“600 mb) f o r  b o t h  t h e  MDR>7 (ca tegory  D) p r o f i l e s .  
One i t e m  o f  s i g n i f i c a n c e  i s  t h e  more s t a b l e  8 grad ien t   observed 
between  850 and 800 mb on the AVG-D p r o f i l e  t h a n  t h e  LAG p r o f i l e  
i n d i c a t e s .  The AVG-D B E  p r o f i l e  a l s o  i n d i c a t e s  a s l i g h t l y  more 
unstable  region  between  750 and  700 mb, as compared t o  LAG-D 






R e s u l t s  f r o m  t h e  c o n v e c t i v e  s t a b i l i t y  e q u a t i o n  o f  
A l a k a  e t  a l .  [ 3 1 ]  and the  B E  d i f ferences between 800 to  850- ,  
800 t o  900-, and 700 t o  750-mb l e v e l s ,  as suggested  by  observing  the 
B E  LAG and AVG v e r t i c a l   p r o f i l e s ,   a r e   p r e s e n t e d   i n   T a b l e  18. It 
should be no ted   t ha t   A laka ’s   equa t ion  (Eq. ( 1 0 ) )  i s  s i m i l a r  i n  
s t r u c t u r e   t o   t h e   D e l t a   T h e t a - E   e q u a t i o n  (Eq. ( 8 ) ) ,  as d iscussed 
e a r l  i e r  i n  Chapter IV. 
Whi le  the  8* equat ion  
o f  t h e  e n t i r e  l o w e r  atmospher 
o f  Alaka (Eq. (10) )  i s  
i c  i n s t a b i l i t y  when app 
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rep resen t  a t  i ve 
l i e d  t o  
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Figure 24. AVG equivalent  potential temperature ( B E )  vertical  profiles 
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Figure 25. LAG equivalent  potential  temperature ( 0 , )  vertical  profiles 
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Table 18. Theta-E Differences ( O K )  Between Given Pressure  Levels 
Percent 
Difference 
LAG AV G Between AVG-D 
8~ Pressure Level MDR Conditions MOR Cond i ti ons and 
Difference Cateqory A B C D A B C D LAG-D 
03 os 1. Alaka 8; (700 to  surf.)  -3.47  -3.17  -6.02  -8.73  -2.95  -3.36  -5.31  -8.12  -7 
2. A ~ E  (800 to 850) -1.15  -0.85  -1.05  -2.35  -1.30 -0.60 -0.55 -1.10 -53 
3. A ~ E  (800 to 900) -2.25  -1.34  -2.14 -4.77  -2.25  -1.28  -1.92  -2.98 -38 
4. A ~ E  (700 to  750) -0.36  -1.17  -2.57  -2.66 t0.14 -1 -32 -2.67  -3.97 +49 
. .. ” 
indiv idua l  sound ings ,  i t  i s  n o t  when appl ied  to  averaged  soundings, 
as  hown i n  Table  18. The l a y e r  between the   su r face  and 700 mb 
appears t o  be t o o  l a r g e .  t o  n o t e  m e a n i n g f u l  d i f f e r e n c e s  ( o n l y  7%) 
between LAG-D and AVG-D c o n d i t i o n s .  
Values o f  ABE over  nar rower  layers  a re  p resented  in  Tab le  18, 
us ing  two  lower   a tmospher ic   leve ls   ( i tems 2 and  3 o f  Table  18) and 
one upper   a tmospher ic   leve l   ( i tem 4 ) .  The s i g n i f i c a n t  p o i n t  t o  
n o t i c e  i s  t h a t  p r e - s t o r m  c o n d i t i o n s  (LAG-D) have a s t ronger  
8 lapse  rate  between  800 mb and below,  as  compared t o  s t o r m  c o n -  
d i t i o n s  (AVG-D); t he  AVG be ing  38  and  53% lower than LAG cond i t i ons .  
The o p p o s i t e  i s  t r u e  when the  700 t o  750-mb B E  g r a d i e n t s ,  f o r  b o t h  
D. MDR cond i t i ons ,   a re  compared.  Here, AVG-D g rad ien ts   a re  49% h igher  
than LAG-D c o n d i t i o n s .  
E 
The r e s u l t s  p r e s e n t e d  i n  T a b l e  18 do i n d i c a t e  t h a t  p o s s i b l y  
a s t a b i l i t y  i n d e x  c o u l d  be a r r i v e d  a t  by  us ing  one o r  two A0 
parameters i n  i t s  computat ion.   This  would make the   index  a f u n c t i o n  
o f  bo th  a temperature and mo is tu re  i npu t  ove r  a 50- t o  100-mb spacing 
i n  t h e  atmosphere. 
E 
F. AVG/LAG Conclusions 
A few general  conclusions can be made regard ing the atmos-  
pher ic  env i ronment  three hours pr ior  to  severe s torm development  and 
dur ing   the   occur rence  o f   the   severe   s to rm.  They are  as f o l l o w s :  
1.  The LAG p r o f i l e  e x h i b i t s  a more  unstable  temperature 
g r a d i e n t  (15.4OC/150 mb) i n  t h e  upper  atmosphere  between 
650 and 500 mb t h r e e  h o u r s  b e f o r e  s e v e r e  s t o r m  a c t i v i t y .  
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By t h e  t i m e  o f  s e v e r e  s t o r m  o c c u r r e n c e ,  t h i s  u n s t a b l e  
l a y e r  has f a l l e n  150 mb and i s  l o c a t e d  b e t w e e n  650 and 
800 mb w i t h  a  12.OoC/150 mb g r a d i e n t .  
2. Dew-point   emperatures  are warmer  (more  humid)  from 900 
t o  850 mb by  1 O C  t h r e e  h o u r s  p r i o r  t o  s e v e r e  w e a t h e r .  
3. Scalar   wind and zonal   wind  speeds  are  stronger  by 
- I  ?2 1 1 1  sec t h r e e   h o u r s   p r i o r   t o   s t o r m s .  A t  s torm 
occur rence  t ime  the  2 m sec- '   s t ronger ,   sou ther ly ,  AVG 
mer id iona l   w ind  component, located  between 8 and 12 km 
a l t i t u d e  ( 4 0 0  t o  200 mb), r e s u l t s  i n  p r o d u c i n g  a more 
s o u t h e r l y  d i r e c t i o n  ( 2 4 8  d e g )  t h a n  t h r e e  h o u r s  p r i o r  
(253 deg). 
4. E q u i v a l e n t   p o t e n t i a l   t e m p e r a t u r e  ( 0 , )  d i f f e r e n c e s  
between 800 and 850 mb are  the  most  uns tab le  th ree  hours  
p r i o r   t o   convec t i ve   wea the r ;   whereas ,  e d i f f e rences  
between 700 and 750 mb a re  more  uns tab le  a t  t he  t ime  o f  
severe weather occurrence. 
E 
The r e s u l t s  o b t a i n e d  h e r e  c o u l d  be used i n  t h e  c o n s t r u c t i o n  
o f  a t ype   o f   t h ree -hour   l ead   t ime   seve re   s to rm  i ndex .  However, 
t hese   changes   no t i ced   i n   t he   a tmospher i c   s t ruc tu re   a re ,   i ndeed ,   a l l  
very  small   changes. It shou ld   be   no ted   t ha t   t hey   a re   sma l l  due t o  
t h e  f a c t  t h a t  t h e y  a r e  based  on the  average o f  many pre-s to rm 
sound ings  taken dur ing  on ly  one independent major storm system 
development/movement. It may a l s o   t u r n   o u t   t h a t   t h e s e  A V E - I V  con- 
c l u s i o n s  may o r  may n o t  a p p l y  t o  a d i f f e r e n t  s t o r m  s o u n d i n g  h i s t o r y  
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f o r  a s t a t i o n .  One p u r p o s e  o f  t h e  p r e s e n t  s t u d y  i s  t o  t e s t  t h i s  
theo ry ,  t he reby  a f fec t i ng  cu r ren t  unders tand ing  o f  t he  seve re  s to rm 
environment. 
G. P o s s i b l e   S t a b i l i t y   I n d e x  
A t  t h i s  p o i n t ,  a s t a b i l i t y - t y p e  o f  i n d e x  c o u l d  be cons t ruc ted  
c o n s i s t i n g  of a tempera tu re  d i f f e rence  (AT) ,  o r  an e q u i v a l e n t  
p o t e n t i a l   t e m p e r a t u r e   d i f f e r e n c e  (A0 ), between  two  leve ls .  A low- 
leve l  dew-po in t  ind ica tor  (ATd) ,  and p o s s i b l y  a wind  magnitude  term 
(AW) and d i r e c t i o n a l   t e r m  (AWD) cou ld  be inc luded.  The combinat ion 
o f  t h e s e  t e r m s ,  w i t h  t h e  a p p r o p r i a t e  m u l t i p l i c a t i o n  w e i g h t i n g  
f a c t o r s  (M), c o u l d  r e s u l t  i n  a meaningfu l   severe  s torms  lag  index 
( S S L ) .  A p o s s i b l e   f o r m   o f   t h e   e q u a t i o n   i s :  
E 
SSL = Ml(AT) + M2(ATd) t M3(AW) t M4(AWD) + M5(ABE) . (24  1 
Al o r  o n l y  a coup le   o f   the   te rms  expressed  in  Eq. (24)  may prove 
u s e f u l  as an index  parameter when compared t o  i t s  r e s p e c t i v e  s e v e r e  
s t o r m   t h r e s h o l d   v a l u e .   C o n s i d e r i n g   t h e   b r o a d   s c a l e   i n   w h i c h   t h e s e  
f ive terms were expressed,  on ly  genera l  in ferences may p rove  use fu l .  




A V E - I V  STABILITY ANALYSES 
A. I n t r o d u c t i o n  
Th is  chapter  wil d e a l  w i t h  t h e  AVG and LAG A V E - I V  p r o f i l e s  
as t h e y  a r e  a p p l i c a b l e  t o  t h e  c u r r e n t  s t a n d a r d  s t a b i l i t y  i n d i c e s  o f  
thunderstorms and severe  weather  eported i n  Chapter IV. The p r o f i l e  
i n d i c e s  wil be compared and t h e  a b i l i t y  o f  each to  fo recas t /measure  
severe  convect ive  weather wil be  determined.  Temperature- 
dependency f o r  each  index wil also   be   inc luded,  as w e l l  a s  t h e  
i n t r o d u c t i o n  o f  a new lag   index .  
B. Temperature-Dependence 
It i s  g e n e r a l l y  d e s i r a b l e  t o  know i f  a s t a b i l i t y  i n d e x  
changes w i t h   t h e   c h a n g i n g   t e m p e r a t u r e   o f  an a i r  column. The index 
i s  s a i d  t o  be  temperature-dependent i f  t h i s  i s  t h e  case. An index 
w i t h  a very  large  temperature-dependency i s  u n d e s i r a b l e  f o r  use i n  
r e p r e s e n t i n g  t h e  s t a b i l i t y  o v e r  a l a r g e  g e o g r a p h i c a l  a r e a  i n  w h i c h  
d i f f e r i n g  a i r  masses may r e s i d e .  The changing a i r  c h a r a c t e r i s t i c s  
w o u l d  a f f e c t  t h e  t h r e s h o l d  v a l u e  o f  an index,   as  repor ted  by 
McPherson [ 291. 
McPherson  [29]  suggested a method t o  d e t e r m i n e  t h e  
temperature-dependency o f  an index.  His  method i s   t h e   a p p r o x i m a t e  
procedure  used i n   t h e   p r e s e n t   i n v e s t i g a t i o n .  A r a n g e  o f  s t a b i l i t y  
c o n d i t i o n s   f o r   e a c h   i n d e x   i s   d e t e r m i n e d   f i r s t .  The s e l e c t i o n  o f  two 
92 
h y p o t h e t i c a l  v e r t i c a l  t e m p e r a t u r e  p r o f i l e s ,  w h i c h  r e p r e s e n t  ( a )  n e a r  
normal s t a b i l i t y  and ( b )  l e s s  s t a b l e  c o n d i t i o n s ,  i s  a c c o m p l i s h e d  b y  
assuming  mois t -ad iabat ic  and d r y - a d i a b a t i c  v e r t i c a l  t e m p e r a t u r e  
l a p s e   r a t e   c o n d i t i o n s ,   r e s p e c t i v e l y .  These  two c o n d i t i o n s   a r e  
c h o s e n  b e c a u s e  t h e y  s e p a r a t e  t h e  a r e a  f o r  c o n d i t i o n a l  s t a b i l i t y ,  and 
a l s o  g i v e  i n d e x  v a l u e s  o n  e i t h e r  s i d e  o f  t h e  t h r e s h o l d  v a l u e s  
(Chapter IV) which  a re  rep resen ta t i ve  o f  t hunders to rm/seve re  thunder -  
s t o r m   c o n d i t i o n s   a s   u s e d   i n   t h i s   s t u d y .   F o r   b o t h   a d i a b a t i c  
cond i t i ons ,  t he  tempera tu re  a t  700 mb was assumed f i x e d  a t  O°C, and 
t h e   d e w - p o i n t   d e p r e s s i o n   a t   a l l   l e v e l s  was assumed t o  be 10°C.  The 
r e s u l t i n g  r a n g e  f o r  a l l  i n d i c e s  i s  p r e s e n t e d  i n  T a b l e  19. 
I ndex  va lues  were  nex t  ob ta ined  g i ven  f i ve  d i f f e ren t  cases  
o f  m o i s t - a d i a b a t i c  l a p s e  r a t e  c o n d i t i o n s  f r o m  9 0 0  t o  500 mb, w i t h  
8 v a l u e s   o f  0, 6, 12, 18, and 24OC, a s s u m i n g   s a t u r a t i o n   a t   a l l  
l e v e l s .  These i n d e x   r e s u l t s   a r e   p r e s e n t e d   i n   T a b l e  20, which now 
g i ves  a r e l a t i o n s h i p  between  index  value and temperature  changes. 
The range o f  i n d e x  v a l u e s  o b t a i n e d  f r o m  t h e  f i v e  d i f f e r e n t  t e m p e r a -  
t u r e  (0  ) cases i s  p r e s e n t e d   i n   t h e   n e x t - t o - l a s t   c o l u m n  o f  Table 20. 
The r igh t -most  co lumn o f  Tab le  20 presents  a percentage  change o f  
t h e  r a n g e  o f  e a c h  i n d e x  w i t h  r e s p e c t  t o  t h e  i n d e x ' s  t o t a l  r a n g e ,  as 
g i v e n  i n  T a b l e  19 f o r  t h e  f i v e  t e m p e r a t u r e  c a t e g o r i e s .  
W 
W 
From t h e s e  c a l c u l a t i o n s  i t  i s  shown tha t  t he  Showa l te r  and 
Bradbury   ind ices   have  smal l   o r  no  temperature-dependence  since  they 
i nvo l ve  conserva t i ve  mo is t -ad iaba t i c  p rocedures  (eN)  i n  t h e i r  compu- 
t a t i o n .  The Je f fe rson,   Mod i f ied-Je f fe rson,  e:, Energy, and M o d i f i e d -  
Mar t i n  i nd i ces  a re  on ly  modera te l y  ( -1  to  10%)  tempera tu re -dependen t .  
93 
Table 19. S t a b i l i t y   I n d e x  Range Determined  by  Mois t  
and Dry Adiabat ic Lapse Rates 
Norma  1 Lesser 
S t a b i l i t y  S t a b i l i t y  Range 
Mo is t -  Dry- o f  
I ndex   Ad iaba t i c  Ad iaba t i c  Va 1 ues 
SWEAT 
V e r t i c a l   T o t a l s  
Cross  Tota 1 s 
T o t a l   T o t a l s  
e; 
Showal t e r  
Rackcl i f f  
J e f f e r s o n  
















































a I n  d e f i n i n g  t h e  700-mb temperature as  a
cons tan t  he re  fo r  bo th  ad iaba t i c  p rocesses ,  t he  
Boyden index wil r e s u l t  i n  a cons tan t  va lue .  
McPherson  [29]  concludes t h a t  t h e  Boyden i n d e x  i s  
very temperature-dependent. 
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Table 20. S t a b i l i t y  I n d e x  Dependency  as  a Func t ion   o f   Tempera ture  Change 
eW 
Range Rangea as 
o f   P e r c e n t   o f  
Index oo c 6OC  12OC  18OC 24OC Values  T bl   19 Range 
SWEAT 
V e r t i c a l   T o t a l s  
Cross  Totals 
T o t a l   T o t a l s  
e* 
E 
Showal t e r  
R a c k c l i f f  
J e f f e r s o n  
Mod. J e f f e r s o n  
Boyden b 
Bradbury 
K -  I ndex 
Energy 















-71.0  -36.2  44.2  12 4
30.7 26.2 23.9 20.6 
20.7 16.2 13.9 10.6 
51.4 42.4 37.8 31.2 
3.0 2.7 3.2 3.6 
0 0 0 0 
38.7 33.3 30.3 26.4 
42.3 40.5 41.1 40.8 
29.3 27.5 28.1 27.8 
14.9 6.9 -1.0 -8.6 
0 0 0 0 
8.7 11.1 15.5 18.8 
1.28 1.80 1.60 1.55 































Temperature-dependency  code: * = None o r   s m a l l ;  # = Moderate; ## = High. 
McPherson  [29]   concludes  that   the Boyden index i s  v e r y  t e m p e r a t u r e -  
dependent. 
i 
F i n a l l y ,  t h e  SWEAT, K, t h r e e   T o t a l s ,  Boyden,  and R a c k c l i f f   i n d i c e s  
a r e  a l l  h i g h l y  d e p e n d e n t  upon  temperature  changes.  Since 0; was 
de r i ved  by  us ing  the  BGE app rox ima te  equa t ion  fo r  BE, t h e  r e s u l t i n g  
moderate temperature-dependency actual ly would have been less had 
t h i s  e q u a t i o n  n o t  been  used. 
Temperature-dependency  on an ave raged  p ro f i l e ,  as  compared 
t o  an i n d i v i d u a l  p r o v i l e ,  may appear  un impor tant  s ince only  averaged 
t h e i r  computed 
averaged p r o f i  
r e s u l t s .  A1 so 
(AVG o r  LAG) severe  s torm  thermodynamic  prof i les  and i n d i c e s  a r e  
developed. However, when o t h e r   i n d i v i d u a l   v e r t i c a l   s o u n d i n g s   ( a n d  
s t a b i l i t y  i n d i c e s )  a r e  compared t o  t h o s e  o f  t h e  
le ,   temperature-dependent   ind ices may g i v e  u n r e a l i s t  
, t h e  r e s u l t s  o f  t h e  A V E - I V  soundings  being  averaged 
i c  
spr ing t ime sound ings ,  over  two independent  days  fo r  the  eas t /cen t ra l  
Un i ted  Sta tes ,  may n o t  a p p l y  a c c u r a t e l y  f o r  a d i f f e r e n t  season 
( tempera tu re   reg ime)   o r   l oca t i on ,  i f  temperature-dependent  indices 
a r e   u s e d .   T h e r e f o r e ,   i n   t h e   e v a l u a t i o n   o f   i n d e x   p e r f o r m a n c e ,  i t  i s  
w e l l  t o  know i n  advance  which  indices  are  temperature-dependent and 
wh ich  are  no t .  
C. S t a b i l i t y   I n d e x   R e s u l t s  
T h i s  s e c t i o n  p r e s e n t s  t h e  s t a b i l i t y  i n d e x  r e s u l t s ,  b a s e d  on 
t h e  LAG and AVG p r o f i l e s .  The 14 s t a b i l i t y  i n d i c e s  d e s c r i b e d  i n  
Chapter IV were  used i n  c o n j u n c t i o n  w i t h  t h e  MDR LAG and AVG 
averaged  a tmospher ic   prof i les .  These r e s u l t s   a r e   p r e s e n t e d   i n  
Table 21. 
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250 to 350 
26 
18 
44 t o  50 
-" 
-3 t o  -6 
30 to 35 
30 
28 to 29 
"- 
30 to 35 
<-2 
~~~~ ~~ ~ 
a Circled "D" category values indicate the largest unstable index value. 
b Potential Lag index. Indices in which instability is negative ( - ) .  C 
As can be seen from Table 21, t h e  c a t e g o r y  D p r o f i l e s  p r o -  
d u c e d  t h e  l a r g e s t  i n s t a b i l i t y  i n d e x  v a l u e s ,  as one  would  expect. 
S ince  ca tegory  D c o n d i t i o n s  a r e  t h e  m a i n  i t e m s  o f  i n t e r e s t  i n  t h e  
p r e s e n t   i n v e s t i g a t i o n ,  emphasis wil be  placed  on  them. The c i r c l e d  
ca tegory  D LAG and AVG s t a b i l i t y  i n d i c e s  i n d i c a t e  t h e  i n d e x  w i t h  t h e  
l a rges t   D -ca tegory   i ndex   va lue .  Two i n d i c e s ,   i n   p a r t i c u l a r ,  show a 
much g r e a t e r  LAG i n s t a b i l i t y  t h a n  t h e i r  AVG counterpar t  index  va lue .  
The SWEAT and m o d i f i e d - M a r t i n  i n d i c e s  b o t h  i n d i c a t e  a LAG-REG 
d i f f e r e n c e   g r e a t e r   t h a n  7%, as a f u n c t i o n   o f   t h e   i n d e x   r a n g e .  These 
two  ind ices  would be p o t e n t i a l  LAG s t a b i l i t y  i n d e x  f o r e c a s t  i n d i -  
c a t o r s  when used p r i o r  t o  t h e  o c c u r r e n c e  o f  s e v e r e  w e a t h e r .  
To e s t a b l i s h  c o n c r e t e  t h r e s h o l d  v a l u e s  f o r  a l l  t h e  i n d i c e s  
used  here i s  d i f f i c u l t ,  s i n c e  each  index may o f f e r  a th resho ld  i ndex  
v a l u e  f o r  o n l y  a s e l e c t e d  t y p e  o f  t h u n d e r s t o r m  c o n d i t i o n  ( i . e . ,  
sca t te red  thunders to rms  ra the r  than  numerous  severe  thunderstorms). 
However, an attempt  has  been made to  i nc lude  approx ima te  th resho ld  
index   va lues   fo r   severe- type  thunders to rms  (see  las t   co lumn  o f  
Table 21).  
Note t h a t  most  ind ices  equa l  o r  exceed the  th resho ld  va lues  
i n d i c a t e d ,   w i t h   t h e   e x c e p t i o n   o f   p e r h a p s   t h e   K - i n d e x .  However, t h e  
K- index has been des igned for  rout ine,  non-severe thunderstorm pre-  
d i c t i o n .  
Therefore,  a l l  i n d i c e s  p r e s e n t e d  i n  T a b l e  21 appear t o  be 
p o t e n t i a l l y  e q u a l  by t h i s  a n a l y t i c a l  c o m p a r i s o n  b e t w e e n  p r i o r  and 
ac tua l   severe   s to rm  averaged  cond i t ions .   Th is   suppos i t ion  wil have 
t o  be  considered i n  Chapter VI, when an a c t u a l ,  i n d e p e n d e n t  s e t  o f  
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severe  storm  soundings i s  presented and a n a l y z e d  w i t h  r e s p e c t  t o  
a t m o s p h e r i c  s t a b i l i t y .  
D.  Johnson  Lag Index 
As contempla ted   in   Chapter  V,  Sec t ion  G, i t  i s  b e l i e v e d  t h a t  
the development of  a fo recas t - t ype  p rocedure  o r  i ndex  shou ld  be 
a t tempted  tha t  i s  based e n t i r e l y  upon t h e  d i f f e r e n c e s  n o t e d  i n  t h e  
averaged AVG and LAG p r o f i l e s .  If t h e   e n v i r o n m e n t   t h r e e   t o   s i x  
hou rs  p r i o r  t o  seve re  wea the r  shows any  t ype  o f  pa ramet r i c  s t ruc tu re  
d i f f e r e n c e  f r o m  t h a t  a t  the t ime of  severe weather ,  a s t a b i l i t y  
index/procedure  should be developed t o  model t h i s  phenomenon. Since 
wind  d i f ferences  are  smal l   between LAG and AVG p r o f i l e s ,  and t h e  
i n d i v i d u a l  w i n d  p r o f i l e s  a r e  so va r iab le ,  i t  was f e l t  t h a t  f o r  t h e  
i n i t i a l   a t t e m p t ,  w 
cant  hermodynamic 
index  s imple.  
inds  shou ld  no t  be u s e d - - o n l y  t h e  u s e  o f  s i g n i f i -  
parameter  changes versus  a l t i tude  to  keep t h e  
As e x p l a i n e d  e a r l i e r ,  t h e  m a j o r  d i f f e r e n c e s  o b s e r v e d  i n  t h e  
temperature s t ructure between LAG and AVG p r o f i l e s  o c c u r  t h r o u g h o u t  
the   800 -   t o  650-mb and 650- t o  500-mb l e v e l s .  The m a i n   d i f f e r -  
ences  noted  occur  between  the 900- t o  800-mb and 750- t o  700-mb 
l e v e l s .  The LAG and AVG temperature and e q u i v a l e n t  p o t e n t i a l  
tempera ture  lapse ra tes  tha t  ex is t  be tween these pressure  leve ls  
were   then  ca lcu la ted .  A g rad ien t   ha l fway   be tween  the  LAG and AVG 
g rad ien ts  was se lec ted  as be ing  a mos t  rep resen ta t i ve  s tandard  o f  
a tmospher ic  cond i t ions  be tween th ree  hours  p r io r  to  s to rms and s torm 
o c c u r r e n c e   i t s e l f .  Lapse r a t e s  on  one s i d e  o f  t h i s  s t a n d a r d  g r a d i e n t  
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w o u l d  r e p r e s e n t  c o n d i t i o n s  o f  t h e  LAG, wh i l e  g rad ien ts  obse rved  on 
t h e  o t h e r  s i d e  o f  t h i s  s t a n d a r d  w o u l d  r e p r e s e n t  AVG c o n d i t i o n s .  
The 
se 1 ec t e d  as 
temperature 
BE g r a d i e n t  
four  thermodynamic 
p o t e n t i a l   f o r e c a s t  
g r a d i e n t s   i n   l o w e r  
terms t o  r e p r e s e n t  
a t u r e  and m o i s t u r e  s t r u c t u r e .  
t e rms  men t ioned  ea r l i e r  were  the re fo re  
terms:  Two terms t o  rep resen t  
and upper  atmospheric  areas, and two 
the low-  and middle-atmosphere  temper- 
The fou r  te rms  were then  combined so 
as t o  max im ize  the  nega t i ve  va lue  o f  t he  i ndex  i n  rep resen t ing  
.extreme i n s t a b i l i t y  o n l y  d u r i n g  LAG-D t i m e  ( t h r e e  t o  s i x  h o u r s  b e f o r e  
s to rms) .   S ince   th is   g rad ien t   p rocedure ,   o r   index ,  i s  maximized a 
few hours  be fore  s to rm occur rence,  the  app l ica t ion  o f  t he  i ndex  
dur ing   per iods   o f   severe   weather  (AVG-D c o n d i t i o n s )  s h o u l d  r e s u l t  i n  
a p o s i t i v e   v a l u e .   T h i s  new Johnson  Lag  Index ( J L I )   i s   e x p r e s s e d   a s :  
where, 
T650-800 - T650 - T800 ' 
T500-650 - T500 - T650 ' 
'E 800-900 - 'E 800 - 'E 900 ' 
'E 700-750 - 'E 700 - 'E 750 ' 








The fou r  te rms  o f  E q .  (25)  were  we igh ted  by  app ly ing  mul t i -  
p l i c a t i o n   f a c t o r s   o f  1, 2, 2, and  1/3, r e s p e c t i v e l y .   T h i s  was done 
t o  o f f s e t  t h e  e f f e c t  o f  t h e  c a t e g o r y  A ( n o n - p r e c i p i t a t i o n )  s m a l l  
temperature and po ten t i a l  t empera tu re  g rad ien ts ,  wh ich  tended  to  
a l low the  unweigh ted  JL I  equat ion  to  p roduce an uns tab le  nega t i ve  
J L I   v a l u e   c l o s e   i n   m a g n i t u d e   t o  LAG-D J L I   c o n d i t i o n s .  Thus, t h i s  
we igh t i ng  wil h e l p  e l i m i n a t e  t h e  o c c u r r e n c e  o f  f a l s e  a l a r m s  when- 
ever   ca tegory  A, non-prec ip i ta t ion   a reas   a re   encountered .  The 
we igh t ing  fac to rs  were  de termined f rom a s u b j e c t i v e ,  t r i a l - a n d - e r r o r  
p r o c e d u r e  i n v o l v i n g  d i f f e r e n t  c o m b i n a t i o n s  o f  w e i g h t i n g ,  i n  o r d e r  t o  
a r r i v e  a t  a l a r g e  J L I  d i f f e r e n c e  b e t w e e n  A and D p r e c i p i t a t i o n  
c o n d i t i o n s .  
The J L I  v a l u e s  c a l c u l a t e d  f o r  LAG-D cond i t i ons  equa led  -4.35. 
L ikewise ,   JL I   va lues   computed  fo r  AVG-D c o n d i t i o n s  r e s u l t e d  i n  a 
va lue o f  +2.76.  The theory,   then, i s  t h a t  i f  a tmospher ic   cond i t ions  
f rom an ind iv idua l   sound ing   p roduce a n e g a t i v e  J L I  o f  s i m i l a r  o r  
greater magnitude, one shou ld  expec t  severe  weather  to  occur  w i th in  
t h e   n e x t   t h r e e   t o   s i x   h o u r s .   T h i s   c o n c l u s i o n   h a s   y e t   t o  be  proven, 
and i s   o n l y   s t a t e d   a t   t h i s   t i m e .   I n   C h a p t e r   V I 1   t h e   t h e o r y  wil be 
t e s t e d  as t o  i t s  p e r f o r m a n c e  a l o n g  w i t h  t h e  o t h e r  s t a b i l i t y  i n d i c e s .  
The complete JLI  va lues versus MDR categor ies of  LAG and AVG p r o f i l e s  
a r e  g i v e n  i n  T a b l e  22. 
Again, i t  s h o u l d  b e  r e a l i z e d  t h a t  t h e  v e r y  s m a l l  p a r a m e t r i c  
d i f f e r e n c e s  n o t e d  i n  t h e s e  a v e r a g e d  p r o f i l e s  have  been  used i n  t h e  
c o n s t r u c t i o n  o f  t h e  J L I ;  w h e r e a s ,  i n  r e a l i t y ,  i n d i v i d u a l  a t m o s p h e r i c  
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Table 22. JLI versus MDR Categories  for 
LAG and AVG  Conditions 
MDR LAG AVG 
Category J L  I JL I 
A 0.52 -0.15 
B 4.11 4.78 
C 1.78  3.45 
D -4.35 2.76 
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soundings do,  indeed,  have a much  greater  range o f  variability in 
the  vertical.  The  question is, how  well  will the JLI model  the  real 
atmosphere? 
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CHAPTER VI I 
STABILITY CRITERIA  APPLIED TO AVE-SESAME-I 
A. I n t r o d u c t i o n  
Th is  chapter  wil present  an ana lys i s  wh ich  wil use t h e  
s t a b i l i t y   i n d i c e s   d e f i n e d   i n   t h e   p r e v i o u s   c h a p t e r s .  These are  
a p p l i e d  t o  a d i f f e r e n t  and independent  set  o f  i n d i v i d u a l  d a t a  
sound ings   taken  dur ing   severe   weather   s i tua t ions .  The 
AVE-SESAME-I  [ 2 ]  d a t a  c a s e  o f  A p r i l  10-11,  1979 was s e l e c t e d  f o r  t h e  
present  s tudy  as the  compar i son  da ta  se t  aga ins t  wh ich  to  run  a l l  o f  
t h e   i n d i c e s .  
The s y n o p t i c  s i t u a t i o n  f o r  AVE-SESAME- I  wil be  presented 
a l o n g   w i t h   t h e   i n d i v i d u a l   s o u n d i n g s .   S t a b i l i t y   i n d i c e s  wil be 
computed f o r  a l l  sound ings   p r i o r   t o ,   du r ing ,  and a f te r   seve re   s to rm 
occurrence. The computed i n d i c e s  wil be  compared i n   h e l p i n g  
determine how each  index  va r ies  th roughou t  th i s  da ta  se t ,  and how 
each index might be used as a s h o r t - t e r m  p r e d i c t o r  o f  s e v e r e  w e a t h e r .  
B. S y n o p t i c   S i t u a t i o n  
The AVE-SESAME-I  t i m e  p e r i o d  was chosen f o r  t h e  s t a b i l i t y  
index evaluat ion case because the A V E - I V  and AVE-SESAME- I  p r o j e c t s  
i n v o l v e d  A p r i l  s t o r m  c a s e s  i n  w h i c h  s i m i l a r  s y n o p t i c  w e a t h e r  s i t u -  
at ions developed. 
A l ow-p ressu re  sys tem loca ted  no r th  o f  wes te rn  Texas w i t h  
a s s o c i a t e d  f r o n t a l  p o s i t i o n s  e x i s t e d ,  a l l o w i n g  a m o i s t  G u l f  f l o w  t o  
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pers i s t  ove r  the  sou theas te rn  and s o u t h e r n b n i d d l e  p l a i n s  a r e a s  o f  
the   Un i ted   S ta tes .   Th is   s i tua t ion ,   coup led   w i th   the   advanc ing   co ld  
f r o n t ,  caused extens ive convect ive and severe weather  to  form,  wi th  
the  deve lopmen t  o f  two  p re - f ron ta l  squa l l  l i nes ,  du r ing  bo th  AVE 
cases. The d e s t r u c t i v e   W i c h i t a   F a l l s ,  Texas,  tornado  that   occurred 
du r ing  AVE-SESAME-I  was o n l y  one o f  more than 40 tornado occurrences. 
Abilene,  Texas, was the  sound ing  s ta t ion  chosen to  ana lyze  
d u r i n g  AVE-SESAME-I  because i t  was t h e  c l o s e s t  s t a t i o n  d u r i n g  m o s t  
o f  t he  to rnado  and severe  weather  occurrences i n  the  no r th -Texas  and 
southern-Oklahoma  areas. A p re l im inary   weather  summary f o r  
AVE-SESAME-I  has  been pub l ished by  Wi 
upper -a i r  sound ing  da ta  a re  ava i lab le  
document. 
l l i a m s  [68], and t h e  i n d i v  
i n  t h e  Gerhard e t  a l .  [ 2 ]  
i d u a l  
S ince the Abi lene sounding data were se lected for  analys is  
i n  t h i s  s t u d y ,  t h e  t i m e  and l o c a t i o n  of the  severe  weather / tornado 
occur rence  a round  Ab i lene  dur ing   Apr i l  10-11,  1979 wil be  discussed 
a t  th is   t ime.   Genera l l y   speak ing ,   there  were three  separate  severe 
weather  pa t te rns  wh ich  occur red  near  Ab i lene dur ing  the  a f te rnoon o f  
A p r i l  10, 1979 and ex tended  th rough  the  ea r l y  morn ing  hours  o f  
A p r i l  11 , 1979. 
The f i r s t  s e v e r e  w e a t h e r  e v e n t  c o n s i s t e d  o f  h a i l  damage 
between 125  and 150 m i l e s  n o r t h  and nor theast  o f  Abi lene,  between 
1730-1800 GMT on A p r i l  10. The second very  severe  weather  outbreak 
occurred  between  2050-0100 GMT, w i t h  t o r n a d o  and h a i l  o c c u r r e n c e  
f rom 75 t o  150 m i l e s  n o r t h  and then  no r th -no r theas t  o f  Ab i l ene .  
T h i s   i n c l u d e d   t h e   W i c h i t a   F a l l s   t o r n a d o .   F i n a l l y ,  a s q u a l l   l i n e  
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developed  around  0245 GMT ( A p r i l  1 1 )  f r o m  A b i l e n e  and extended 
-75 m i les   sou th -sou thwes t   t o  San Angelo,   Texas.  For  the  next  s ix 
h o u r s  ( u n t i l  0817 GMT), t h i s  s q u a l l  l i n e  moved eastward  producing 
h a i l  and some tornadoes  f rom 35 t o  beyond  125  mi les  o f   Abi lene.  The 
severe  weather  occurred  at   Abi lene and then moved south  o f ,  sou theas t  
o f ,   e a s t   o f ,  and f i n a l l y ,  n o r t h e a s t  o f  t h e  c i t y .  F i g u r e  27 i n d i c a t e s  
the severe weather  pat tern which occurred around Abi lene (ABI)  f rom 
1200 GMT o n  A p r i l  10 t o  1200 GMT o n  A p r i l  11, 1979. 
C. Sounding  Analyses 
For   the  Abi lene  s i te ,   e ight   a tmos,pher ic   soundings  were  taken 
between  1200 GMT on A p r i l  10, 1979  and  1200 GMT on A p r i l  11, 1979. 
Only  the  0600 GMT s o u n d i n g  o f  A p r i l  11 was m i s s i n g  due t o  t r a c k i n g  
problems,  wi th  no  second  release as backup. 
F i v e  o f  t h e  e i g h t  c r i t i c a l  A b i l e n e  s e v e r e  w e a t h e r  s o u n d i n g s  
a r e   p r e s e n t e d   i n  Skew-T f o r m   i n   F i g u r e s  28  and  29. Given  are  the 
A p r i l  10, 1979  soundings f o r  1442,  1740, 2034, and  2333 GMT, together  
w i t h   t h e  one f o r  0226 GMT on A p r i l  11, 1979. The p r o g r e s s i o n   o f  
these  soundings i n  t i m e  i n d i c a t e s  t h a t  l o w - l e v e l  m o i s t u r e  was con- 
f i n e d  b y  a c a p p i n g  i n v e r s i o n  t o  l e v e l s  u n d e r  800 mb p r i o r  t o  1442 GMT. 
From t h e s e  p r o f i l e s ,  e x t r e m e l y  d r y  a i r  c a n  be  seen  above t h i s  l e v e l .  
A f t e r  1500 GMT, t h e  c a p p i n g  i n v e r s i o n  l i f t e d  and, w i th  s to rm deve lop -  
ment,   a l lowed  moist  air t o  p e n e t r a t e  upward t o  beyond 600 mb b y  
2333 GMT shows 
was c u r r e n t l y  
i n d  t h i s  system 
2034 GMT. The A p r i l  11,  1979 Ab i lene  sound ing   fo r  
weather 
l i n e  beh 
t h a t  d u r i n g  t h i s  t i m e  p e r i o d ,  w h i l e  s e v e r e  
a f f e c t i n g  t h e  W i c h i t a  F a l l s  a r e a ,  t h e  d r y -  
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v :TORNADOES SPOTTED BY GROUND OBSERVERS 
:TORNADOES IDENTIFIED SOLELY BY RADAR OBSERVATIONS 
:HAIL REPORTS WITH  DIAMETER IN INCHES 6 
L :STRONG  THUNDERSTORM  SURFACE WIND 
0 :SEVERE THUNDERSTORM IDENTIFIED SOLELY BY RADAR 
Figure 27. Severe  weather  occurences between 1200 GMT on April 10, 
and 1200 GMT on Apri 1 11 , 1979 i n  the south central 





















F igu re  28. Abi lene, Texas, severe  weather  soundings f o r  A p r i l  10, 1979. 
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had now moved i n t o  t h e  A b i l e n e  a r e a .  T h i s  c o n d i t i o n  was r e l a t i v e l y  
sho r t - l i ved  because  a second s q u a l l  l i n e  was forming  near   Abi lene 
and s t a r t e d  i n f l i c t i n g  s e v e r e  w e a t h e r  t h e r e  and eastward  by  0245 GMT. 
The 0226 GMT sound ing  o f  F igu re  29 shows an a b r u p t  i n c r e a s e  i n  
mo is tu re  up t o  350 mb, where t h e   d a t a   t e r m i n a t e .  Sometime a f t e r  
0600 GMT on A p r i l  11, 1979, t h e  c o l d  f r o n t  began e n t e r i n g  t h e  
A b i l e n e  a r e a ,  b r i n g i n g  d r y  a i r  c l o s e  t o  t h e  s u r f a c e  w h i l e  s t i l l  
l e a v i n g  a p o c k e t  o f  m o i s t u r e  above t h e  f r o n t  b e t w e e n  550  and  750 mb. 
S i n c e  s t a b i l i t y  i s  t h e  i t e m  o f  i n t e r e s t  i n  t h e  p r e s e n t  
i n v e s t i g a t i o n ,  t h e  15 s t a b i l i t y  i n d i c e s  used e a r l i e r  were  computed 
f o r  each  Abi lene  sounding. These s t a b i l i t y   i n d e x   r e s u l t s   a r e   p r e -  
sented i n  Table 23, t o g e t h e r  w i t h  t h e  e x a c t  t i m e  o f  r a d i o s o n d e  
r e l e a s e .   L i s t e d   b e l o w   t h e   i n d e x   v a l u e s   i n   t h i s   t a b l e   i s  a severe 
w e a t h e r  t i m e l i n e  a p p l i c a b l e  t o  t h e  n o r t h - c e n t r a l  Texas  area, w i t h i n  
150 m i l e s  o f  A b i l e n e .  T h i s  s e p a r a t i o n  o f  s o u n d i n g  s i t e  and a r e a  o f  
severe  weather  occurrence i s ,  i n d e e d ,  t o o  l a r g e  t o  be comp le te l y  
app l i cab le   t o   t he   Ab i l ene   da ta .   The re fo re ,  one should  keep i n  mind 
t h a t   t h e   A b i l e n e   t i m e l i n e  needs t o  be  shortened somewhat. A lso  on 
Table 23, t he  h ighes t  t h ree  uns tab le  i ndex  va lues  fo r  each  index  
have  been c i r c l e d  f o r  e a s y  r e f e r e n c e .  The most  unstable  value  has 
a l s o  been  marked w i t h  a s u p e r s c r i p t  'Ia." 
As can be  seen i n  Table 23, t h e r e  seems t o  be  good genera l  
agreement t h a t  most a l l  i n d i c e s  appear t o  p e r f o r m  a d e q u a t e l y  i n  t h e  
e v a l u a t i o n  o f  a t m o s p h e r i c  i n s t a b i l i t y  d u r i n g  t h e  p a s s a g e  o f  t h e  t w o  
squa l l   sys tems  near   Ab i lene.   Pro f i les  4 and 6 were  the  two  soundings 
t a k e n  a t  A b i l e n e  j u s t  p r i o r  t o  t h e  s e v e r e  w e a t h e r  w h i c h  o c c u r r e d  
110 





V e r t i c a l   T o t a l s  
Cross  Tota ls  
T o t a l   T o t a l s  
E 
Showal t e r C  
Rackcl i f f  
J e f f e r s o n  





Mod. Mar t i n '  
J L ~  






































































6  12 
Abilene  AreaS v re  Weather n   
1800 
1730- 2050 Time1 i n e  GMT: 0100  245  081 7 
D e s c r i p t i o n :  (No Convec t ive   (Ha i l )   (Tornadoes  (Ha i  1 and  (Storms ,Move 
A c t i v i t y )  and Hai l )   Tornadoes)   Eastward)
a 
C i r c l e d  v a l u e s  i n d i c a t e  t h e  h i g h e s t  t h r e e  u n s t a b l e  i n d e x  v a l u e s  for each index.  
b M o s t   u n s t a b l e   s t a b i l i t y   i n d e x   v a l u e .   I n d i c e s   i n   w h i c h   i n s t a b i l i t y   i s   n e g a t i v e  (-1. C 
near and a r o u n d   t h e   c i t y .   S t a b i l i t y   i n d e x   v a l u e s   f r o m   T a b l e  23 
i n d i c a t e  t h a t  m o s t  i n d i c e s  peak ( w i t h  i n s t a b i l i t y )  u s i n g  s o u n d i n g s  4 
and 6 data; 10 o f  t h e  15 i n d i c e s  peak us ing sounding 6, w h i l e  t h r e e  
peak us ing  sounding 4. Th is  means t h a t  13 o f  t h e  15 peaked  dur ing 
the  occur rence o f  u p p e r - l e v e l  m o i s t u r e  b u i l d u p ,  j u s t  p r i o r  t o  t h e  
onse t   o f   t he   Ab i l ene   s to rms .   On ly   two   i nd i ces  (0; and JLI) peaked 
a t  t i m e s  p r i o r  t o  t h i s .  S o u n d i n g  6 i s  more unstable  than  sounding 4 
because the  s to rms deve loped very  c lose  to  the  sound ing  s i te ,  and 
t h e  m o i s t u r e  a l o f t  had developed more extens ive ly  than dur ing 
sounding 4. The d r y - l i n e  passage at  Abi lene  between  2200-0000 GMT 
can r e a d i l y  be  seen b y  t h e  sudden i n c r e a s e  i n  s t a b i l i t y  i n  most a l l  
o f   t h e   i n d i c e s   d u r i n g   s o u n d i n g  5 (2333 GMT). W h i l e   w e a t h e r   a c t i v i t y  
ex is ted   eas tward   o f   Ab i lene  dur ing   sound ing  8 (0806 GMT, A p r i l  l l ) ,  
a l l  i n d i c e s  show  a g e n e r a l  i n c r e a s e  i n  s t a b i l i t y  a s  t h e  c o l d  f r o n t  
a r r i v e s .  
Table 23 a l s o  h i n t s  t h a t  s o u n d i n g s  t a k e n  when storms are not  
i n  p r o g r e s s  i n  t h e  g e n e r a l  a r e a  r e s u l t  i n  s l i g h t l y  g r e a t e r  i n s t a -  
b i l i t y  t h a n  when storms  have  formed i n  t h e  a r e a  d u r i n g  t h e  r a d i o s o n d e  
re lease .   Th i s  may  seem t o  i n d i c a t e  t h a t  t h e  i n s t a b l i t y  ( s t o r e d  
p o t e n t i a l  e n e r g y )  w h i c h  c a n  b u i l d  up p r i o r  t o  s t o r m  o c c u r r e n c e  can 
b e  r e l i e v e d  (made more s t a b l e )  t h r o u g h  t h e  r e l e a s e  o f  thunderstorm 
k i n e t i c  e n e r g y  a c t i v i t y .  
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D .  E x c e p t i o n s   t o   t h e  Norm 
There  are a few s t a b i l i t y  i n d i c e s  w h i c h  peak a t  an e a r l i e r  
sound ing   than  the   res t .  It was d e c i d e d   t o   l o o k  a t  each  index  that  
f e l l  i n t o  t h i s  c a t e g o r y .  
S ince the 8; index  peaked  out  dur ing  sounding 3, the  cause 
was sought. The index i s  based  on a BE di f ference  between 700 mb 
and the   sur face   leve l .   S ince   sound ing  3 i n d i c a t e d   t h a t   t h e  atmos- 
phere  dr ied  ou t  very  qu ick ly  be tween 750 and 700 mb, t h i s  would a lso 
produce a very   d ramat ic  8 drop  between  the same two l e v e l s ,  
r e s u l t i n g  i n  a v e r y  u n s t a b l e  6; index value. 
E 
The m o d i f i e d  M a r t i n  i n d e x  i n d i c a t e d  a s l i g h t  i n s t a b i l i t y  
peak us ing  sounding 2. Th is   index  uses  the 850-mb l e v e l  as t h e  
compar ison  a l t i tude .  A t  t h i s   t i m e   i n t e r v a l   t h e r e   e x i s t e d  a l a r g e  
capp ing   tempera ture   invers ion   top   loca ted  a t  850 mb. Th is   l a rge  
temperature  value  would  produce a h igher  index va lue than i f  t h i s  
cap inve rs ion  top  were  l oca ted  a t  a d i f f e r e n t  l e v e l .  
The Energy  index  peaking  during  soundings 3 and 4 i s  
b e l i e v e d  t o  be  due t o  t h e  ample  abundance o f  m o i s t u r e  a t  850 mb 
dur ing these two sampl ing t imes,  which would s t rengthen the 850-mb 
E va lue .   S ine   the  JLI was des igned   to  peak ou t   du r ing   t ime   pe r iods  
p r i o r  t o  s t o r m  d e v e l o p m e n t ,  t h i s  e a r l y  p e a k i n g  o f  t h e  JLI index 
dur ing  soundings 1  and 2 i s  expected and d e s i r a b l e .  
T 
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E .  Lag Testing 
In Chapter VI it was indicated  that,  based  on  the  AVE-IV LAG 
it related  to  the AVG profile, three indices  appeared to 
1 lag indices.  These  three  indices  were:  SWEAT,  modified 
the  JLI.  According  to the  AVE-SESAME-I sounding data 
(Table 23, page lll), all of  these  indices,  with  the  exception o f  
the  JLI,  fail  to  qualify  as a lag  index, since the  peak  index out- 
liers  which  occur  before  storm  development  have  been  explained  away. 
The JLI does  give  large  negative  values (-29 and -18) during 
the non-storm  time  period  represented by soundings 1 and 2. When 
distant  storms occur, Abilene  sounding 3 records a JLI = -7. Just 
to  the  first  major  outbreak of  storms closer  to  Abilene, 
ing 4 gives a JLI = -10. The  dry-line passage,  during 
ing 5, produces a JLI = +l. Sounding 6 ,  released 19 minutes 
to hail occurrence  near  Abilene (51 minutes  prior  to first 
tornado report) gave a JLI = -28. This  large  negative  index  value 
was surprising, since the  sounding  represents  squall  line-produced 
activity.  However,  the JLI could  still  be sensing the intense, 
unstable,  pre-squall  line  environment  which  appears  not  to  have 
passed  the  release  site at this  time.  Overall, the JLI has 
functioned  well and  it gives  large  positive  values (+6 and +12) when 
the  cold front moved  into  the  area. This indicates  that no  more 
storms  were due to  follow. 
114 
I I  
Based  on o n l y  one  severe  storm  case, i t  a p p e a r s  t h a t  o f  15 
s t a b i l i t y  i n d i c e s  t e s t e d  as a p re -s to rm lag  i ndex ,  on l y  the  JLI 
appears t o   g i v e   s a t i s f a c t o r y   r e s u l t s   t h u s   f a r .  However, s i n c e   t h e  
JLI i s  a new index ,   represent ing   low-  and midd le - leve l   tempera ture  
and mois ture,  i t  wil have t o  be t e s t e d  f u r t h e r ,  and p o s s i b l y  be 
ad jus ted ,  be fore  i t  can q u a l i t y  as a l a g / f o r e c a s t  i n d e x  f o r  s e v e r e  
storms. 
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CHAPTER VI I I 
CONCLUSIONS 
The f o l l o w i n g  p r o j e c t  g o a l s  and conclusions were accompl ished 
and p r e s e n t e d  i n  t h i s  s t u d y :  
1. Averaged A V E - I V  env i ronmenta l   thermodynamic/wind  prof i les  
have  been  presented f o r  d i f f e r e n t  MDR severe storm 
pe r iods  (AVG), and f o r  p e r i o d s  t h r e e  t o  s i x  h o u r s  p r i o r  
to   severe   s to rm  occur rence (LAG). 
2. The A V E - I V  AVG and LAG p r o f i l e s  were  analyzed  paramet- 
r i c a l l y  and w i t h  14 common a t m o s p h e r i c  s t a b i l i t y  i n d i c e s  
t o  determine i f  a seve re  s to rm fo recas t  i ndex  o r  p ro -  
cedure  could  be  developed  based on these averaged severe 
s t o r m  p r o f i l e s .  
3. A thermodynamic   lag   index ,   ca l led   the  Johnson  Lag 
Index   (JL I ) ,  was developed,  based  upon  low- and midd le -  
t ropospher i c   l eve l   t empera tu re  and m o i s t u r e   s t r u c t u r e  
us ing   t he  A V E - I V  ave raged   p ro f i l es .  The J L I  was designed 
t o  have s h o r t - t e r m e d  f o r e c a s t i n g  a b i l i t y .  
4.  Based  on the  averaged A V E - I V  p r o f i l e s ,  two  o ther  
s t a b i l i t y  i n d i c e s  (SWEAT and m o d i f i e d  M a r t i n )  had some 
p o t e n t i a l  as f o r e c a s t   l a g   i n d i c e s .  
5. Al 14 s t a b i l i t y   i n d i c e s  and the  Johnson  Lag  Index  were 
tested by employ ing an independent  severe  storm  case 
s tudy  us ing  the  AVE-SESAME-I  i nd i v idua l  da ta  sound ings  
f rom one s t a t i o n .  
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6. Al AVE-SESAME-I s t a b i l i t y   i n d i c e s   t e s t e d  appeared t o  
recognize the severe weather  env i ronment  wi th  unstable 
values, as w e l l  as p r e s e n t i n g  s t a b l e  v a l u e s  when severe 
weather  had  passed. 
7. Al AVE-SESAME-I s t a b i l i t y  i n d i c e s  t e s t e d  as a pre-storm, 
th ree -hour   l ag   f o recas t   i ndex   pe r fo rmed   unsa t i s -  
f a c t o r i l y .   O n l y   t h e   J L I   a p p e a r e d   t o  show promise i n  
t e r m s  o f  f o r e c a s t i n g  s e v e r e  w e a t h e r  t h r e e  t o  s i x  h o u r s  
p r i o r   t o   o c c u r r e n c e .  However,  more t e s t i n g  o f  t h i s  
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